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N-SUBSTITUTED OXAZINOPTERIDINES
AND OXAZINOPTERIDINONES

CROSS REFERENCE TO RELATED
APPLICATION

This application is a divisional of U.S. Ser. No. 13/404,958,
filed Feb. 24, 2012, now U.S. Pat. No. 8,791,107, which
claims the benefit of U.S. Provisional Application No.
61/446,949, filed Feb. 25, 2011, which is incorporated herein
by reference.

FIELD OF THE INVENTION

This invention relates to N-substituted oxazinopteridines,
N-substituted oxazinopteridinones, and related compounds,
which are inhibitors of PI3K3J, to pharmaceutical composi-
tions which contain them, and to the use of the inhibitors to
treat diseases, disorders, and conditions associated with
PI3K39, including inflammatory disorders, cancer, and cardio-
vascular disease.

BACKGROUND OF THE INVENTION

The phosphoinositide 3-kinases (PI3Ks) are lipid and pro-
tein kinases involved in intracellular signal transduction.
They act primarily through phosphorylation of phosphoi-
nositides at the D3 position of the inositol ring, and are
typically grouped into three classes (I, II, and III) based on
their structure, function, and substrate specificity. The class I
PI3Ks, denoted PI3Ka, PI3Kf, PI3Ky, and PI3K9, catalyze
the phosphorylation of phosphatidylinositol-4,5-bisphos-
phate to phosphatidylinositol-3,4,5-trisphosphate, which
functions as a second messenger whose binding to proteins
containing pleckstrin homology domains, such as AKT,
PDK1, Btk, GTPase activating proteins, and guanine nucle-
otide exchange factors, triggers a cascade of cellular pro-
cesses involved with cell growth, survival, proliferation, apo-
ptosis, adhesion, and migration, among others. See L. C.
Cantley, Science 296:1655-57 (2002). Class I PI3K isoforms
exist as heterodimers composed of a catalytic subunit, p110,
and an associated regulatory subunit that controls their
expression, activation, and subcellular localization. PI3Ka,
PI3Kp, and PI3K associate with a regulatory subunit, p85,
and are activated by growth factors and cytokines through a
tyrosine kinase-dependent mechanism; PI3Ky associates
with two regulatory subunits, p101 and p84, and is activated
by G-protein-coupled receptors. See C. Jimenez, et al., J
Biol. Chem., 277(44):41556-62 (2002) and C. Brock, et al., J.
Cell. Biol., 160(1):89-99 (2003).

Although PI3Ka and PI3Kf are expressed in many tissue
types, PI3Ky and PI3K3d are predominantly expressed in leu-
kocytes and are therefore thought to be attractive targets for
treating inflammatory disorders and other diseases related to
the immune system. See B. Vanhaesebroeck, et al., Trends
Biochem. Sci. 30:194-204 (2005), C. Rommel et al., Nature
Rev. Immunology, 7:191-201 (2007), and A. Ghigo et al.,
BioEssays 32:185-196 (2010). Recent preclinical studies
support this view. For example, treatments with selective
PI3KYy inhibitors suppress the progression of joint inflamma-
tion and damage in mouse models of rheumatoid arthritis
(RA), and reduce glomerulonephritis and extend survival in
the MRL-pr mouse model of systemic lupus erythematosus
(SLE). See M. Camps et al., Nature Med. 11:936-43 (2005),
G. S. Firestein, N. Engl. J. Med. 354:80-82 (2006), and S.
Hayer et al., FASEB J23:4288-98 (2009) (RA); see also D. F.
Barber et al., Nature Med. 11:933-35 (2005) (SLE). A selec-
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tive PI3KYy inhibitor has also been shown to reduce formation
and size of lesions in mouse models of early- and advanced-
stage atherosclerosis, and to stabilize plaque formation
thereby minimizing risks of plaque rupture and subsequent
thrombosis and myocardial infarction. See A. Fougerat et al.,
Circulation 117:1310-17.2008. Treatments with PI3Kd-se-
lective inhibitors significantly reduce inflammation and asso-
ciated bone and cartilage erosion following injection of wild
type mice with an arthritogenic serum, attenuate allergic air-
way inflammation and hyper-responsiveness in a mouse
model of asthma, and protect mice against anaphylactic aller-
gic responses. See T. M. Randis et al., Eur. J. Immunol.
38:1215-24(2008) (RA); K. S. Leeetal., FASEBJ. 20:455-65
(2006) and H. S. Farghaly et al., Mol. Pharmacol. 73:1530-37
(2008) (asthma); K. Ali et al., Nature 431:1007-11 (2004)
(anaphylaxis). Administration of a PI3Ky and PI3Kd dual
selective inhibitor has been shown to be efficacious in murine
models of allergic asthma and chronic obstructive pulmonary
disease (COPD) and is cardioprotective in murine and por-
cine models of myocardial infraction (MI). See J. Doukas et
al., J. Pharmacol. Exp. Ther. 328:758-65 (2009) (asthma and
COPD); J. Doukas et al., Proc. Nat’l Acad. Sci. USA 103:
19866-71 (2006) (MI).

Studies also suggest targeting one or more of the four class
1 PI3K isoforms may yield useful treatments for cancer. The
gene encoding p110c is mutated frequently in common can-
cers, including breast, brain, prostate, colon, gastric, lung,
and endometrial cancers. See Y. Samuels et al., Science 304:
554 (2004) and Y. Samuels & K. Ericson, Curr. Opin. Oncol.
18(1):77-82 (2006). One of three amino acid substitutions in
the helical or kinase domains of the enzyme are responsible
for 80 percent of these mutations, which lead to significant
upregulation of kinase activity and result in oncogenic trans-
formation in cell culture and in animal models. See S. Kang et
al., Proc. Nat’l Acad. Sci. USA 102(3):802-7 (2005) and A.
Bader et al., Proc. Nat'l Acad. Sci. USA 103(5):1475-79
(2006). No such mutations have been identified in the other
PI3K isoforms, though there is evidence they can contribute
to the development and progression of malignancies. PI3Kd
is consistently overexpressed in acute myeloblastic leukemia
and inhibitors of PI3Kd can prevent the growth of leukemic
cells. See P. Sujobert et al., Blood 106(3):1063-66 (2005); C.
Billottet et al., Orcogene 25(50):6648-59 (2006). PI3Ky
expression is elevated in chronic myeloid leukemia. See F.
Hickey & T. Cotter, J. Biol. Chem. 281(5):2441-50 (2006).
Alterations in expression of PI3Kf, PI3Ky, and PI3K 9 have
also been observed in cancers of the brain, colon and bladder.
See C. Benistant et al., Oncogene, 19(44):5083-90 (2000), M.
Mizoguchi et al., Brain Pathology 14(4):372-77 (2004), and
C. Knobbe et al, Neuropathology Appl. Neurobiolgy 31(5):
486-90 (2005). Moreover, all of these isoforms have been
shown to be oncogenic in cell culture. See S. Kang et al.
(2006).

Certain inhibitors of PI3K are described in W0O2006/
005915 and WO 2008/023180.

SUMMARY OF THE INVENTION

This invention provides N-substituted oxazinopteridines,
N-substituted oxazinopteridinones, and related compounds,
and pharmaceutically acceptable salts thereof. This invention
also provides pharmaceutical compositions that contain the
N-substituted oxazinopteridines and oxazinopteridinones
and provides for their use to treat diseases, disorders and
conditions associated with PI3K9 inhibition, including
inflammatory disorders, cancer, and cardiovascular disease.
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One aspect of the invention provides compounds of For-
mula 1:

C|32£Nj
N
R NF |N
R2 \GIJ\AI(_RI)M ,

or a pharmaceutically acceptable salt therefore, wherein:

G' is selected from N and CR”;

G? is selected from C=0 and CH,;

Ar is selected from Cg_,, aryl and C, _,, heteroaryl;

mis0,1,2,3,or4,

nis0, 1,2 or3;

each R’ is independently selected from cyano, halo, hydroxy,
nitro, oxo, optionally substituted C, ; alkyl, optionally
substituted C,_, alkoxy, optionally substituted C,_, alk-
enyl, optionally substituted C,_, alkynyl, optionally substi-
tuted C, g cycloalkyl, optionally substituted C;_ heterocy-
clyl, optionally substituted Cg,, aryl, optionally
substituted C,_, , aryloxy, optionally substituted C,_,, het-
eroaryl, optionally substituted C, ;, heteroaryloxy,
—C(O)OR*, —OC(O)R?*, —N(R*R’, —NHC(O)N(R®)
R®, —S(0O)LR°% —S(O)LNRHR’, —CONR®*R®,
—NHC(O)OR', —NHS(O),NHR®, —NHS(O),R®,
—NHC(O)NHNR®»R®, —NHC(S)NR*»R’, —NHC
(=NR"MHNR*R®, —NHC(SR'*N(R*)R®, and —NHC
(:NRI I)OR13;

R? is selected from hydrogen, cyano, halo, hydroxy, nitro,
optionally substituted C, , alkyl, optionally substituted
C, _, alkoxy, optionally substituted C,_, alkenyl, optionally
substituted C,_, alkynyl, optionally substituted C; 4 het-
erocyclyl, optionally substituted C_, , aryl, optionally sub-
stituted Cg_,, aryloxy, optionally substituted C, ,, het-
eroaryl, —C(O)OR*, —OC(O)R*, —N(R*R>, and
*S(O)2R6;

R? is selected from hydrogen, optionally substituted C, 4
alkyl, optionally substituted C; 5 cycloalkyl, optionally
substituted C;_¢ heterocyclyl, optionally substituted Cg_, .,
aryl, optionally substituted C,_,, heteroaryl, —(CH,)N
(RHR?, —(CH,)CO)NRHR’, and —S(0),R

each R* and R° is independently selected from hydrogen,
optionally substituted C, , alkyl, optionally substituted
C,_¢ cycloalkyl, optionally substituted phenyl, optionally
substituted C;_4 heterocyclyl, and optionally substituted
C, ;o heteroaryl;

each R®is independently selected from optionally substituted
C, ¢ alkyl, optionally substituted C; 4 cycloalkyl, option-
ally substituted phenyl, optionally substituted C,_¢ hetero-
cyclyl, and optionally substituted C, _, heteroaryl;

R is selected from hydrogen, cyano, halo, hydroxy, nitro,
optionally substituted C, , alkyl, optionally substituted
C,_, alkoxy, —C(O)OR?*, —C(O)NR"R’, —N(R"R>,
—NHC(O)R?*, —NHC(O)N(R*R>, —OC(O)NR*R’,
—NHC(0O)ORS, —S8(0),R5, —NHS(0),RS, and —S(0),
NRHR;

each R® and R is independently selected from hydrogen,
optionally substituted C, , alkyl, optionally substituted
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C,_g cycloalkyl, optionally substituted C,_,, aryl, option-
ally substituted C,_ heterocyclyl, and optionally substi-
tuted C,_,, heteroaryl;

each R'° is independently selected from optionally substi-
tuted C, ¢ alkyl, optionally substituted C;_ ¢ cycloalkyl,
optionally substituted Cg_,, aryl, optionally substituted
C,_¢ heterocyclyl, and optionally substituted C,_, het-
eroaryl;

each R'! is independently selected from hydrogen, cyano,
nitro, optionally substituted C, 4 alkyl, optionally substi-
tuted C,_, alkoxy, optionally substituted C; 4 cycloalkyl,
optionally substituted C;_g heterocyclyl, optionally substi-
tuted Cq4 |, aryl, and optionally substituted C, ;, het-
eroaryl;

each R'? is independently selected from optionally substi-
tuted C,_ alkyl and optionally substituted phenyl;

each R'? is independently selected from optionally substi-
tuted C, 4 alkyl, optionally substituted C;_g cycloalkyl, and
optionally substituted C_, , aryl;

each R'* and R'’ is independently selected from hydrogen,
C, ¢ alkyl, C; ¢ cycloalkyl, optionally substituted phenyl,
C,_¢ heterocyclyl, and C, _,, heteroaryl; and

each R'S is independently selected from C, 4 alkyl, C, 4
cycloalkyl, optionally substituted phenyl, C; 4 heterocy-
clyl, and C,_,, heteroaryl;

wherein:

each optionally substituted C, 4 alkyl is independently sub-
stituted with from O to 7 substituents independently
selected from cyano, halo, hydroxy, oxo, optionally sub-
stituted C,_, alkyl, C,_, alkoxy, C,_, alkenyl, optionally
substituted C;_¢ cycloalkyl, optionally substituted C;_g het-
erocyclyl, optionally substituted C, _,, heteroaryl, option-
ally substituted phenyl, optionally substituted C,_,, ary-
loxy, —SR', —C(O)OR™, —N(R'HR">, —C(O)N(R'H
R'>, and —S(0O),R'S;

each optionally substituted C, _, alkoxy is independently sub-
stituted with from O to 6 substituents independently
selected from cyano, halo, hydroxy, oxo, C,_, alkenyl, C,
alkoxy, optionally substituted C, ¢ cycloalkyl, optionally
substituted C, , , heteroaryl, optionally substituted phenyl,
—C(O)NR'™R"'?, and —C(O)OR';

each optionally substituted C,_, alkenyl is independently sub-
stituted with from O to 3 substituents independently
selected from cyano, halo, hydroxy, oxo, C, _, alkoxy, C; 4
cycloalkyl, optionally substituted C, _, , heteroaryl, option-
ally substituted phenyl, —C(O)N(R**)R'’>, and —C(O)
OR14;

each optionally substituted C,_, alkynyl is independently sub-
stituted with from O to 3 substituents independently
selected from cyano, halo, hydroxy, oxo, C, _, alkoxy, C; 4
cycloalkyl, optionally substituted C, _, , heteroaryl, option-
ally substituted phenyl, —C(O)N(R**R'>, and —C(O)
OR14;

each optionally substituted C, 4 cycloalkyl is independently
substituted with from O to 6 substituents independently
selected from cyano, halo, hydroxy, nitro, oxo, optionally
substituted C,_, alkyl, C, , alkoxy, C, , alkenyl, C;_¢
cycloalkyl, C,_¢ cycloalkoxy, optionally substituted C,
heteroaryl, optionally substituted phenyl, —C(O)N(R'*)
R'%, —CONR"R', —NR'HR', —NHC(O)R',
—NHC(0)OR™, and —C(O)OR'%;

each optionally substituted C,_, , heteroaryl is independently
substituted with from O to 5 substituents independently
selected from cyano, halo, hydroxy, oxo, nitro, optionally
substituted C, _, alkyl, C, _, alkoxy, C;_g cycloalkyl, option-
ally substituted C;_¢ heterocyclyl, C, _, , heteroaryl, option-
ally substituted phenyl, —C(O)N(R'*)R'>, —N(R'*)R*>,
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—C(O)NR'HR'®, —OC(O)NR'*R">, —NHC(O)OR'®,

—NHS(0),R'S, —S(0),NR*R'>, —NHC(O)N(R'*)

R'?, —C(O)OR', and —S(O),R'%;
each optionally substituted C, _, heteroaryloxy is indepen-

dently substituted with from 0 to 5 substituents indepen-

dently selected from cyano, halo, hydroxy, nitro, oxo,
optionally substituted C, , alkyl, C,_, alkoxy, trifluorom-

ethyl, optionally substituted phenyl, and —S(Q),R'?;
each optionally substituted C,_; heterocyclyl is indepen-

dently substituted with from 0 to 4 substituents indepen-

dently selected from cyano, halo, hydroxy, nitro, oxo,
optionally substituted C,_, alkyl, optionally substituted

C,_, alkoxy, C, , alkenyl, optionally substituted C; g

cycloalkyl, C, , cycloalkoxy, C, ¢ heterocyclyl, C, |, het-

eroaryl, optionally substituted phenyl, —C(O)N(R**)R*>,

—C(ONR'*R?, —N(R*)R'?, and —C(O)OR™*;
each optionally substituted C, , alkyl is independently sub-

stituted with from O to 5 substituents independently

selected from cyano, halo, hydroxy, nitro, oxo, optionally
substituted C, , alkoxy, C,_, alkenyl, C,  cycloalkyl, C; ¢
cycloalkoxy, C, ¢ heterocyclyl, C,_,, heteroaryl, phenyl,

—SR™, —C(ON(R'HR'®, —N(R'"H)R'>, —C(O)OR™,

and —S(0),R'S;
each optionally substituted C_, , aryl is independently sub-

stituted with from O to 5 substituents independently
selected from cyano, halo, hydroxy, nitro, oxo, optionally
substituted C, , alkyl, C,_, alkoxy, C,_, alkenyl, C,_,, het-

eroaryl, trifluoromethyl, trifluoromethoxy, —N(R'*)R',

—C(O)NR'HR",  —OCO)NR'HR'®>, —NHC(0O)

OR'S, —NHS(0),R'S, —S(0),N(R'*R'>, —NHC(O)N

R'R'?, —C(O)OR™, and —S(0),R";
each optionally substituted C_,, aryloxy is independently

substituted with from O to 5 substituents independently

selected from cyano, halo, hydroxy, nitro, oxo, optionally
substituted C,_, alkyl, C, , alkoxy, C,_, alkenyl, trifluo-
romethyl, trifftutoromethoxy, —N(R'*)R'®, —C(O)N(R'*)

R"?, —OC(O)NR'HR", —NHC(O)OR'®, —NHS(O),

R'®, —S(0),NR'HR", —NHC(ON(R'H)R'>, —C(O)

OR'™, and —S(O),R'S;
each optionally substituted phenyl is independently substi-

tuted with from O to 5 substituents independently selected

from cyano, halo, hydroxy, nitro, optionally substituted

C, ,alkyl, C, , alkoxy, C,_, alkenyl, C, _,, heteroaryl, trit-

luoromethyl, triftioromethoxy, —N(R'*HR'>, —C(O)N

(R'™R'®, —OC(ON(R'R'>, —NHC(O)OR'®, —NHS

(O)L,R'S, —S(0),NR'HR', —NHCO)NR'HR",

—C(0)OR™, and —S(0),R'S;
each of the aforementioned heteroaryl and heteroaryloxy

moieties has independently one to four ring heteroatoms

independently selected from N, O, and S, and each of the
aforementioned heterocyclyl moieties is independently
saturated or partially unsaturated and has one or two ring
heteroatoms independently selected from N, O, and S; and
provided the compound of Formula 1 is not 1-methyl-3-(4-

(6-0x0-5-(tetrahydro-2H-pyran-4-y1)-5,6,6a,7,9,10-

hexahydro-[1,4]oxazino|3,4-h]pteridin-2-yl)phenyl)urea.

Another aspect of the invention provides a compound
which is selected from the compounds described in the
examples, their pharmaceutically acceptable salts, and stere-
oisomers of any of the compounds in the examples and their
pharmaceutically acceptable salts.

A further aspect of the invention provides a pharmaceutical
composition which includes: a compound of Formula 1 or a
pharmaceutically acceptable salt as defined above, or a com-
pound selected from the group of compounds and their phar-
maceutically acceptable salts as defined in the preceding
paragraph; and a pharmaceutically acceptable excipient.
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An additional aspect of the invention provides a compound
of Formula 1 or a pharmaceutically acceptable salt as defined
above, or of a compound selected from the group of com-
pounds and their pharmaceutically acceptable salts as defined
above, for use as a medicament.

Another aspect of the invention provides a compound of
Formula 1 or a pharmaceutically acceptable salt as defined
above, or of a compound selected from the group of com-
pounds and their pharmaceutically acceptable salts as defined
above, for use in the treatment of a disease or condition
associated with PI3Kd.

Still another aspect of the invention provides a use of a
compound of Formula 1 or a pharmaceutically acceptable salt
as defined above, or of a compound selected from the group of
compounds and their pharmaceutically acceptable salts as
defined above, for the manufacture of a medicament for the
treatment of a disease or condition associated with PI3Kd.

A further aspect of the invention provides a method of
treating a disease or condition associated with PI3K9, the
method comprising administering to the subject an effective
amount of a compound of Formula 1 or a pharmaceutically
acceptable salt as defined above, or of a compound selected
from the group of compounds and their pharmaceutically
acceptable salts as defined above.

An additional aspect of the invention provides a method of
treating a disease or condition in a subject, the method com-
prising administering to the subject an effective amount of a
compound of Formula 1 or a pharmaceutically acceptable salt
as defined above, or of a compound selected from the group of
compounds and their pharmaceutically acceptable salts as
defined above, wherein the disease or condition is selected
from inflammatory disorders, cancer, and cardiovascular dis-
ease.

Another aspect of the invention provides a method of treat-
ing a disease or condition in a subject, the method comprising
administering to the subject an effective amount of a com-
pound of Formula 1 or a pharmaceutically acceptable salt as
defined above, or of a compound selected from the group of
compounds and their pharmaceutically acceptable salts as
defined above, wherein the disease or condition is selected
from allergic rhinitis, asthma, atopic dermatitis, rheumatoid
arthritis, multiple sclerosis, systemic lupus erythematosus,
psoriasis, immune thrombocytopenic purpura, inflammatory
bowel disease, chronic obstructive pulmonary disease,
Sjogren’s syndrome, ankylosing spondylitis, Behcet’s dis-
ease, atherosclerosis, myocardial infarction, and thrombosis.

A further aspect of the invention provides a combination of
an effective amount of a compound of Formula 1 or a phar-
maceutically acceptable salt as defined above, or of a com-
pound selected from the group of compounds and their phar-
maceutically acceptable salts as defined above, and at least
one additional pharmacologically active agent.

DETAILED DESCRIPTION OF THE INVENTION

Unless otherwise indicated, this disclosure uses definitions
provided below. Certain formulae may include one or more
asterisks (“*”) to indicate stereogenic (asymmetric or chiral)
centers, although the absence of an asterisk does not indicate
that the compound lacks a stereocenter. Such formulae may
refer to the racemate or to individual enantiomers or to indi-
vidual diastereomers, which may or may not be pure or sub-
stantially pure. Other formulae may include one or more
wavy bonds (“~ *). When attached to a stereogenic center,
the wavy bonds refer to both stereoisomers, either individu-
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ally or as mixtures. Likewise, when attached to a double bond,
the wavy bonds indicate a Z-isomer, an E-isomer, or a mixture
of Z and E isomers.

“Substituted,” when used in connection with a chemical
substituent or moiety (e.g.,a C, s alkyl group), means that one
or more hydrogen atoms of the substituent or moiety have
been replaced with one or more non-hydrogen atoms or
groups, provided that valence requirements are met and that a
chemically stable compound results from the substitution.

“About” or “approximately,” when used in connection with
a measurable numerical variable, refers to the indicated value
of'the variable and to all values of the variable that are within
the experimental error of the indicated value or within 10
percent of the indicated value, whichever is greater.

“Alkyl” refers to straight chain and branched saturated
hydrocarbon groups, generally having a specified number of
carbon atoms (e.g., C,_; alkyl refers to an alkyl group having
1103 carbon atoms, C,_¢ alkyl refers to an alkyl group having
1 to 6 carbon atoms, and so on). Examples of alkyl groups
include methyl, ethyl, n-propyl, i-propyl, n-butyl, s-butyl,
i-butyl, t-butyl, pent-1-yl, pent-2-yl, pent-3-yl, 3-methylbut-
1-yl, 3-methylbut-2-yl, 2-methylbut-2-yl, 2,2,2-trimethyleth-
1-yl, n-hexyl, and the like.

“Alkenyl” refers to straight chain and branched hydrocar-
bon groups having one or more carbon-carbon double bonds,
and generally having a specified number of carbon atoms.
Examples of alkenyl groups include ethenyl, 1-propen-1-yl,
1-propen-2-yl, 2-propen-1-yl, 1-buten-1-yl, 1-buten-2-yl,
3-buten-1-yl, 3-buten-2-yl, 2-buten-1-yl, 2-buten-2-yl, 2-me-
thyl-1-propen-1-yl, 2-methyl-2-propen-1-yl, 1,3-butadien-1-
yl, 1,3-butadien-2-yl, and the like.

“Alkynyl” refers to straight chain or branched hydrocarbon
groups having one or more triple carbon-carbon bonds, and
generally having a specified number of carbon atoms.
Examples of alkynyl groups include ethynyl, 1-propyn-1-yl,
2-propyn-1-yl, 1-butyn-1-yl, 3-butyn-1-yl, 3-butyn-2-yl,
2-butyn-1-yl, and the like.

“Alkoxy” refers to to alkyl-O—, where alkyl is defined
above. Examples of alkoxy groups include methoxy, ethoxy,
n-propoxy, i-propoxy, n-butoxy, s-butoxy, t-butoxy, n-pen-
toxy, and s-pentoxy.

“Halo,” “halogen” and “halogeno” may be used inter-
changeably and refer to fluoro, chloro, bromo, and iodo.

“Haloalkyl,” “haloalkenyl,” and ‘haloalkynyl,” refer,
respectively, to alkyl, alkenyl, and alkynyl groups substituted
with one or more halogen atoms, where alkyl, alkenyl, and
alkynyl are defined above, and generally having a specified
number of carbon atoms. Examples of haloalkyl groups
include trifluoromethyl, trichloromethyl, pentafiuoroethyl,
pentachloroethyl, and the like.

“Cycloalkyl” refers to saturated monocyclic and bicyclic
hydrocarbon groups, generally having a specified number of
carbon atoms that comprise the ring or rings (e.g., C54
cycloalkyl refers to a cycloalkyl group having 3 to 8 carbon
atoms as ring members). Bicyclic hydrocarbon groups may
include isolated rings (two rings sharing no carbon atoms),
spiro rings (two rings sharing one carbon atom), fused rings
(two rings sharing two carbon atoms and the bond between
the two common carbon atoms), and bridged rings (two rings
sharing two carbon atoms, but not a common bond). The
cycloalkyl group may be attached to a parent group or to a
substrate at any ring atom unless such attachment would
violate valence requirements. In addition, the cycloalkyl
group may include one or more non-hydrogen substituents
unless such substitution would violate valence requirements.

Examples of monocyclic cycloalkyl groups include cyclo-
propyl, cyclobutyl, cyclopentyl, cyclohexyl, and the like.
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Examples of fused bicyclic cycloalkyl groups include bicyclo
[2.1.0]pentanyl (i.e., bicyclo[2.1.0]pentan-1-yl, bicyclo
[2.1.0]pentan-2-yl, and bicyclo[2.1.0]pentan-5-yl), bicyclo
[3.1.0]hexanyl,  bicyclo[3.2.0]heptanyl,  bicyclo[4.1.0]
heptanyl,  bicyclo[3.3.0]octanyl,  bicyclo[4.2.0]octanyl,
bicyclo[4.3.0]nonanyl, bicyclo[4.4.0]decanyl, and the like.
Examples of bridged cycloalkyl groups include bicyclo
[2.1.1]hexanyl, bicyclo[2.2.1]heptanyl, bicyclo[3.1.1]hepta-
nyl, bicyclo[2.2.2]octanyl, bicyclo[3.2.1]octanyl, bicyclo
[4.1.1]octanyl, bicyclo[3.3.1]nonanyl, bicyclo[4.2.1]
nonanyl, bicyclo[3.3.2]decanyl, bicyclo[4.2.2]decanyl,
bicyclo[4.3.1]decanyl, bicyclo[3.3.3]undecanyl, bicyclo
[4.3.2]undecanyl, bicyclo[4.3.3]dodecanyl, and the like.
Examples of spiro cycloalkyl groups include spiro[3.3|hep-
tanyl, spiro[2.4]heptanyl, spiro[3.4]octanyl, spiro[2.5]octa-
nyl, spiro[3.5]nonanyl, and the like. Examples of isolated
bicyclic cycloalkyl groups include those derived from bi(cy-
clobutane), cyclobutanecyclopentane, bi(cyclopentane),
cyclobutanecyclohexane, cyclopentanecyclohexane, bi(cy-
clohexane), etc.

“Cycloalkoxy” refers to cycloalkyl-O—, where cycloalkyl
is defined above. Examples of cycloalkoxy groups include
cyclopropoxy, cyclobutoxy, cyclopentoxy, and cyclohexoxy.

“Aryl” refers to fully unsaturated monocyclic aromatic
hydrocarbons and to polycyclic hydrocarbons having at least
one aromatic ring, both monocyclic and polycyclic aryl
groups generally having a specified number of carbon atoms
that comprise their ring members (e.g., C,_,, aryl refers to an
aryl group having 6 to 14 carbon atoms as ring members). The
aryl group may be attached to a parent group or to a substrate
at any ring atom and may include one or more non-hydrogen
substituents unless such attachment or substitution would
violate valence requirements. Examples of aryl groups
include phenyl, biphenyl, cyclobutabenzenyl, indenyl, naph-
thalenyl, benzocycloheptanyl, biphenylenyl, fluorenyl,
groups derived from cycloheptatriene cation, and the like.

“Aryloxy” refers to aryl-O—, where aryl is defined above.
An example is phenoxy.

“Heterocycle” and “heterocyclyl” may be used inter-
changeably and refer to saturated or partially unsaturated
monocyclic or bicyclic groups having ring atoms composed
of carbon atoms and 1 to 4 heteroatoms independently
selected from nitrogen, oxygen, and sulfur. The nitrogen and
sulfur heteroatoms may optionally be oxidized. Both the
monocyclic and bicyclic groups generally have a specified
number of carbon atoms in their ring or rings (e.g., C; ¢
heterocyclyl refers to a heterocyclyl group having 3 to 6
carbon atoms and 1 to 4 heteroatoms as ring members). As
with bicyclic cycloalkyl groups, bicyclic heterocyclyl groups
may include isolated rings, spiro rings, fused rings, and
bridged rings. The heterocyclyl group may be attached to a
parent group or to a substrate at any ring atom and may
include one or more non-hydrogen substituents unless such
attachment or substitution would violate valence require-
ments. Examples of monocyclic heterocyclyl groups include
oxiranyl, thiaranyl, aziridinyl (e.g., aziridin-1-yl and aziridin-
2-yl), oxetanyl, thiatanyl, azetidinyl, tetrahydrofuranyl, tet-
rahydrothiopheneyl, pyrrolidinyl, tetrahydropyranyl, tetrahy-
drothiopyranyl, piperidinyl, 1,4-dioxanyl, 1,4-oxathianyl,
morpholinyl, 1,4-dithianyl, piperazinyl, 1,4-azathianyl,
oxepanyl, thiepanyl, azepanyl, 1,4-dioxepanyl, 1,4-oxathi-
epanyl, 1,4-oxaazepanyl, 1,4-dithiepanyl, 1,4-thiazepanyl,
1,4-diazepanyl, 3,4-dihydro-2H-pyranyl, 5,6-dihydro-2H-
pyranyl, 2H-pyranyl, 1,2,3,4-tetrahydropyridinyl, and 1,2,5,
6-tetrahydropyridinyl.

“Heteroaryl” and “heteroarylene” refer, respectively, to
monovalent and divalent unsaturated monocyclic aromatic
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groups and to polycyclic groups having at least one aromatic
ring, each of the groups having ring atoms composed of
carbon atoms and 1 to 4 heteroatoms independently selected
from nitrogen, oxygen, and sulfur. The nitrogen and sulfur
heteroatoms may optionally be oxidized. Both the monocy-
clic and polycyclic groups generally have a specified number
of carbon atoms as ring members (e.g., C,_;, heteroaryl refers
to a heteroaryl group having 1 to 10 carbon atoms and 1 to 4
heteroatoms as ring members) and include any bicyclic group
in which any of the above-listed monocyclic heterocycles are
fused to a benzene ring. The heteroaryl group may be attached
to a parent group or to a substrate at any ring atom and may
include one or more non-hydrogen substituents unless such
attachment or substitution would violate valence require-
ments. Examples of heteroaryl groups include monocyclic
groups such as pyrrolyl (e.g., pyrrol-1-yl, pyrrol-2-yl, and
pyrrol-3-yl), furanyl, thiopheneyl, pyrazolyl, imidazolyl,
isoxazolyl, oxazolyl, isothiazolyl, thiazolyl, 1,2,3-triazolyl,
1,3,4-triazolyl, 1-oxa-2,3-diazolyl, 1-oxa-2,4-diazolyl,
1-oxa-2,5-diazolyl, 1-oxa-3,4-diazolyl, 1-thia-2,3-diazolyl,
1-thia-2,4-diazolyl, 1-thia-2,5-diazolyl, 1-thia-3,4-diazolyl,
tetrazolyl, pyridinyl, pyridazinyl, pyrimidinyl, and pyrazinyl.

Examples of heteroaryl groups also include bicyclic
groups such as benzofuranyl, isobenzofuranyl, benzo[d][1,3]
dioxole, benzothiopheneyl, benzo[c]thiopheneyl, indolyl,
3H-indolyl, isoindolyl, 1H-isoindolyl, indolinyl, isoindoli-
nyl, benzimidazolyl, indazolyl, benzotriazolyl, 1H-pyrrolo
[2,3-b]pyridinyl, 1H-pyrrolo[2,3-c|pyridinyl, 1H-pyrrolo[3,
2-clpyridinyl, 1H-pyrrolo[3,2-b|pyridinyl, 3H-imidazo[4,5-
blpyridinyl, 3H-imidazo[4,5-c]pyridinyl, 1H-pyrazolo[4,3-
blpyridinyl, 1H-pyrazolo[4,3-c]pyridinyl, 1H-pyrazolo[3,4-
clpyridinyl,  1H-pyrazolo[3,4-blpyridinyl, = 7H-purinyl,
indolizinyl, imidazo[1,2-c]pyridinyl, imidazo[1,5-c]pyridi-
nyl, pyrazolo[1,5-c]pyridinyl, pyrrolo[1,2-b]pyridazinyl,
imidazo[1,2-c]pyrimidinyl, quinolinyl, isoquinolinyl, cinno-
linyl, quinazolinyl, quinoxalinyl, phthalazinyl, 1,6-naphthy-
ridinyl, 1,7-naphthyridinyl, 1,8-naphthyridinyl, 1,5-naphthy-
ridinyl, 2,6-naphthyridinyl, 2,7-naphthyridinyl, pyrido[3,2-

clpyrimidinyl, pyrido[4,3-c]pyrimidinyl, pyrido[3,4-d]
pyrimidinyl,  pyrido[2,3-c]pyrimidinyl,  pyrido[2,3-b]
pyrazinyl, pyrido[3,4-b]pyrazinyl, pyrimido[5,4-c]

pyrimidinyl, pyrazino[2,3-b]pyrazinyl, and pyrimido[4,5-c]
pyrimidinyl.

“Heteroaryloxy” refers to heteroaryl-O—, where het-
eroaryl is defined above. An example is imidazol-2-yloxy.

“Oxo0” refers to a double bonded oxygen (—0O).

“Leaving group” refers to any group that leaves a molecule
during a fragmentation process, including substitution reac-
tions, elimination reactions, and addition-elimination reac-
tions. Leaving groups may be nucleofugal, in which the group
leaves with a pair of electrons that formerly served as the bond
between the leaving group and the molecule, or may be elec-
trofugal, in which the group leaves without the pair of elec-
trons. The ability of a nucleofugal leaving group to leave
depends on its base strength, with the strongest bases being
the poorest leaving groups. Common nucleofugal leaving
groups include nitrogen (e.g., from diazonium salts); sul-
fonates, including alkylsulfonates (e.g., mesylate), fluoro-
alkylsulfonates (e.g., triflate, hexaflate, nonaflate, and tresy-
late), and arylsulfonates (e.g., tosylate, brosylate, closylate,
and nosylate). Others include carbonates, halide ions, car-
boxylate anions, phenolate ions, and alkoxides. Some stron-
ger bases, such as NH, and OFF can be made better leaving
groups by treatment with an acid. Common electrofugal leav-
ing groups include the proton, CO,, and metals.

“Opposite enantiomer” refers to a molecule that is a non-
superimposable mirror image of a reference molecule, which
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may be obtained by inverting all of the stereogenic centers of
the reference molecule. For example, if the reference mol-
ecule has S absolute stereochemical configuration, then the
opposite enantiomer has R absolute stereochemical configu-
ration. Likewise, if the reference molecule has S,S absolute
stereochemical configuration, then the opposite enantiomer
has R,R stereochemical configuration, and so on.

“Stereoisomer” and “stereoisomers” of a compound with
given stereochemical configuration refer to the opposite
enantiomer of the compound and to any diastereoisomers,
including geometrical isomers (Z/E) of the compound. For
example, if a compound has S,R,Z stereochemical configu-
ration, its stereoisomers would include its opposite enanti-
omer having R,S,Z configuration, and its diastereomers hav-
ing S,S,7Z configuration, R,R,Z configuration, S,R,E
configuration, R,S,E configuration, S,S,E configuration, and
R,R,E configuration. If the stereochemical configuration of a
compound is not specified, then “stereoisomer” refers to any
one of the possible stereochemical configurations of the com-
pound.

“Substantially pure stereoisomer” and variants thereof
refer to a sample containing a compound having a specific
stereochemical configuration and which comprises at least
about 95% of the sample.

“Pure stereoisomer” and variants thereof refer to a sample
containing a compound having a specific stereochemical con-
figuration and which comprises at least about 99.5% of the
sample.

“Subject” refers to a mammal, including a human.

“Pharmaceutically acceptable” substances refer to those
substances which are suitable for administration to subjects.

“Treating” refers to reversing, alleviating, inhibiting the
progress of, or preventing a disorder, disease or condition to
which such term applies, or to reversing, alleviating, inhibit-
ing the progress of, or preventing one or more symptoms of
such disorder, disease or condition.

“Treatment” refers to the act of “treating,” as defined
immediately above.

“Drug,” “drug substance,” “active pharmaceutical ingredi-
ent,” and the like, refer to a compound (e.g., compounds of
Formula 1, including subgeneric compounds and compounds
specifically named in the specification) that may be used for
treating a subject in need of treatment.

“Effective amount” of a drug, “therapeutically effective
amount” of a drug, and the like, refer to the quantity of the
drug that may be used for treating a subject and may depend
on the weight and age of the subject and the route of admin-
istration, among other things.

“Excipient” refers to any diluent or vehicle for a drug.

“Pharmaceutical composition” refers to the combination of
one or more drug substances and one or more excipients.

“Drug product,” “pharmaceutical dosage form,” “dosage
form,” “final dosage form” and the like, refer to a pharmaceu-
tical composition suitable for treating a subject in need of
treatment and generally may be in the form of tablets, cap-
sules, sachets containing powder or granules, liquid solutions
or suspensions, patches, films, and the like.

“Condition associated with PI3K4” and similar phrases
relate to a disease, disorder or condition in a subject for which
inhibition of PI3Kd may provide a therapeutic or prophylactic
benefit.

The following abbreviations are used throughout the speci-
fication: Ac (acetyl); ACN (acetonitrile); AIBN (azo-bis-
isobutyronitrile); API (active pharmaceutical ingredient); aq
(aqueous); Boc (tert-butoxycarbonyl); Cbz (carbobenzy-
loxy); dba (dibenzylideneacetone); DCC (1,3-dicyclohexyl-
carbodiimide); DCM (dichloromethane); DIPEA (N,N-di-
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isopropylethylamine, Hiinig’s Base); DMA (N,N-
dimethylacetamide); DMAP (4-dimethylaminopyridine);
DMARD (disease modifying antirheumatic drug); DME
(1,2-dimethoxyethane); DMF (N,N-dimethylformamide);
DMSO (dimethylsulfoxide); dppt (1,1'-bis(diphenylphos-
phino)ferrocene); DTT (dithiothreitol); EDA ethoxylated
dodecyl alcohol, Brj®35); EDC(N-(3-dimethylaminopro-
pyl)-N'-ethylcarbodiimide); EDTA (ethylenediaminetet-
raacetic acid); ee (enantiomeric excess); eq (equivalents); Et
(ethyl); Et;N (triethyl-amine); EtOAc (ethyl acetate); EtOH
(ethanol); HATU (2-(3H-[1,2,3]triazolo[4,5-b|pyridin-3-y1)-
1,1,3,3-tetramethyluronium hexafluorophosphate(V));
HEPES (4-(2-hydroxyethyl)piperazine-1-ethanesulfonic
acid); HOAc (acetic acid); HOBt (1H-benzo[d][1,2,3]triazol-
1-0l); ICs, (concentration at 50% inhibition); IPA (isopro-
panol); IPAc (isopropyl acetate); IPE (isopropylether); LDA
(lithium diisopropylamide); LIHMDS (lithium bis(trimethyl-
silyl)amide); mCPBA (m-chloroperoxybenzoic acid); Me
(methyl); MeOH (methanol); MTBE (methyl tert-butyl
ether); mp (melting point); NaOt-Bu (sodium tertiary butox-
ide); NMP (N-methyl-2-pyrrolidinone), PE (petroleum
ether); Ph (phenyl); pICs, (<log,o(ICs,), where IC is given
in molar (M) units); Pr (propyl); i-Pr (isopropyl); PTFE (poly-
tetrafluoroethylene); RT (room temperature, approximately
20° C. to 25° C.); TCEP (tris(2-carboxyethyl)phosphine);
TFA (trifluoroacetic acid); TFAA (2,2,2-trifluoroacetic anhy-
dride); THF (tetrahydrofuran); and Tris bufter (2-amino-2-
hydroxymethyl-propane-1,3-diol buffer).

As described, below, this disclosure concerns compounds
of Formula 1 and their pharmaceutically acceptable salts.
This disclosure also concerns materials and methods for pre-
paring compounds of Formula 1, pharmaceutical composi-
tions which contain them, and the use of compounds of For-
mula 1 and their pharmaceutically acceptable salts
(optionally in combination with other pharmacologically
active agents) for treating inflammatory disorders, cancer,
cardiovascular disorders, and conditions associated with
PI3K$ or other PI3K isoforms.

In addition to the specific compounds in the examples,
compounds of Formula 1 include those in which: (a) G' is N;
(b) G? is CH,; (c) Aris C,_,, heteroaryl; or (d) m is 0, 1 or 2;
or combinations of structural features (a) through (d).

In addition, or as an alternative to one or more of embodi-
ments (a) through (d) in the preceding paragraph, compounds
of Formula 1 include those in which: (e) Ar is a bicyclic Cs
heteroaryl having from 1 to 4 nitrogen heteroatoms.

In addition, or as an alternative to one or more of embodi-
ments (a) through (d) in the preceding paragraphs, com-
pounds of Formula 1 include those in which: (f) Ar is a
bicyclic C,_g heteroaryl having from 1 to 2 nitrogen heteroa-
toms.

In addition, or as an alternative to one or more of embodi-
ments (a) through (d) in the preceding paragraphs, com-
pounds of Formula 1 include those in which: (g) Ar is selected
from indolyl, 1H-pyrrolo[2,3-b|pyridinyl, 1H-pyrrolo[2,3-c]
pyridinyl, 1H-pyrrolo[3,2-c]pyridinyl, 1H-pyrrolo[3,2-b|py-
ridinyl, benzimidazolyl, and indazolyl.

In addition, or as an alternative to one or more of embodi-
ments (a) through (d) in the preceding paragraphs, com-
pounds of Formula 1 include those in which: (h) Ar is selected
from indol-4-yl, 1H-pyrrolo[2,3-b]pyridin-4-yl, 1H-pyrrolo
[2,3-c]pyridin-4-yl, and 1H-pyrrolo|[3,2-c|pyridin-4-yl.

In addition, or as an alternative to one or more of embodi-
ments (a) through (d) in the preceding paragraphs, com-
pounds of Formula 1 include those in which: (i) Ar is indolyl.
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In addition, or as an alternative to one or more of embodi-
ments (a) through (d) in the preceding paragraphs, com-
pounds of Formula 1 include those in which: (j) Ar is indol-
4-yl.

In addition, or as an alternative to one or more of embodi-
ments (a) through (j) in the preceding paragraphs, compounds
of Formula 1 include those in which: (k) R? is selected from
optionally substituted C, ¢ alkyl, optionally substituted C,_, ,
aryl, optionally substituted C, | , heteroaryl, —(CH,)C(O)N
(RMHR?, and —S(0),R°.

In addition, or as an alternative to one or more of embodi-
ments (a) through (j) in the preceding paragraphs, compounds
of Formula 1 include those in which: (1) R® is C, 4 alkyl,
which is substituted with from 1 to 7 substituents indepen-
dently selected from cyano, halo, hydroxy, oxo, optionally
substituted C, , alkoxy, C,_, alkenyl, optionally substituted
C,_¢ cycloalkyl, optionally substituted C; , heterocyclyl,
optionally substituted C, _, , heteroaryl, optionally substituted
phenyl, —SR'*, —C(O)OR™, —N(R'*R'®, —C(O)N(R'*)
R"?, and —S(O),R".

In addition, or as an alternative to one or more of embodi-
ments (a) through (j) in the preceding paragraphs, compounds
of Formula 1 include those in which: (m) R? is —(CH,),C
(ONRHR.

In addition, or as an alternative to one or more of embodi-
ments (a) through (j) in the preceding paragraphs, compounds
of Formula 1 include those in which: (n) R* is —CH,C(O)N
(RHR>.

In addition, or as an alternative to one or more of embodi-
ments (a) through (j) in the preceding paragraphs, compounds
of Formula 1 include those in which: (0)R? is C, 4 alkyl,
which is substituted with optionally substituted phenyl.

In addition, or as an alternative to one or more of embodi-
ments (a) through (j) in the preceding paragraphs, compounds
of Formula 1 include those in which: (p) R® is optionally
substituted phenyl-methyl.

In addition, or as an alternative to one or more of embodi-
ments (a) through (p) in the preceding paragraphs, com-
pounds of Formula 1 include those in which: (q) R? is hydro-
gen.

In addition, or as an alternative to one or more of embodi-
ments (b) through (q) in the preceding paragraphs, com-
pounds of Formula 1 include those in which: (r) G* is CR”.

In addition, or as an alternative to one or more of embodi-
ments (b) through (r) in the preceding paragraphs, com-
pounds of Formula 1 include those in which: (s) G* is CR” and
R” is hydrogen.

In addition, or as an alternative to one or more of embodi-
ments (a) and (c) through (s) in the preceding paragraphs,
compounds of Formula 1 include those in which: (t) G is
C—=0.

In addition, or as an alternative to one or more of embodi-
ments (a) and (c) through (s) in the preceding paragraphs,
compounds of Formula 1 include those in which: (u) G is
C=—0 and each R’ is independently selected from cyano,
halo, hydroxy, nitro, optionally substituted C, , alkyl, option-
ally substituted C,_, alkoxy, optionally substituted C,_, alk-
enyl, optionally substituted C,_, alkynyl, optionally substi-
tuted C,; cycloalkyl, optionally substituted C; ¢
heterocyclyl, optionally substituted C,_,, aryl, optionally
substituted C,_,, aryloxy, optionally substituted C, ,, het-
eroaryl, optionally substituted C,_,, heteroaryloxy, —C(O)
OR*, —OC(O)R*, —N(R*R>, —S(0),RS, —S(0),N(R*)
R®, —C(O)N(R®»R®, —NHC(O)OR'®, —NHS(0),NHR?,
—NHS(0),R% —NHC(O)NHN(R*R®, —NHC(S)N(R®)
R®, —NHC(=NR'')NR®R®, —NHC(SR'*)N(R*)R®, and
—NHC(=NR'HOR".
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In addition, or as an alternative to one or more of embodi-
ments (a) through (u) in the preceding paragraphs, com-
pounds of Formula 1 include those which have (v) the stere-
ochemical configuration shown in Formula 1A or Formula

1B:
1A
Ioj
G2 N
| or
N
R3/ / |N
R2 \GI/I\Ar(—Rl)m
o 1B
-
i
N
R3/ / |N
R? \GIJ\AI(—RI),,,

where substituents R', R?, R*, G', G?, Ar, and m in Formula
1A and Formula 1B are as defined for Formula 1.

Compounds of Formula 1 include embodiments (a)
through (v) described in the preceding paragraphs and all
compounds specifically named above and in the examples,
and generally include all salts, complexes, solvates, hydrates,
and liquid crystals of the compounds of Formula 1. Likewise,
all references to compounds of Formula 1 include all com-
plexes, solvates, hydrates, and liquid crystals of the salts of
the compounds of Formula 1.

Compounds of Formula 1 may form pharmaceutically
acceptable complexes, salts, solvates and hydrates. These
salts include acid addition salts (including di-acids) and base
salts. Pharmaceutically acceptable acid addition salts include
salts derived from inorganic acids such as hydrochloric acid,
nitric acid, phosphoric acid, sulfuric acid, hydrobromic acid,
hydroiodic acid, hydrofluoric acid, and phosphorous acids, as
well nontoxic salts derived from organic acids, such as ali-
phatic mono- and dicarboxylic acids, phenyl-substituted
alkanoic acids, hydroxy alkanoic acids, alkanedioic acids,
aromatic acids, aliphatic and aromatic sulfonic acids, etc.
Such salts include acetate, adipate, aspartate, benzoate, besy-
late, bicarbonate, carbonate, bisulfate, sulfate, borate, cam-
sylate, citrate, cyclamate, edisylate, esylate, formate, fuma-
rate, gluceptate, gluconate, glucuronate,
hexafluorophosphate, hibenzate, hydrochloride/chloride,
hydrobromide/bromide, hydroiodide/iodide, isethionate, lac-
tate, malate, maleate, malonate, mesylate, methylsulfate,
naphthylate, 2-napsylate, nicotinate, nitrate, orotate, oxalate,
palmitate, pamoate, phosphate, hydrogen phosphate, dihy-
drogen phosphate, pyroglutamate, saccharate, stearate, suc-
cinate, tannate, tartrate, tosylate, trifluoroacetate and xino-
foate salts.

Pharmaceutically acceptable base salts include salts
derived from bases, including metal cations, such as an alkali
or alkaline earth metal cation, as well as amines. Examples of
suitable metal cations include sodium, potassium, magne-
sium, calcium, zinc, and aluminum. Examples of suitable
amines include arginine, N,N'-dibenzylethylenediamine,
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chloroprocaine, choline, diethylamine, diethanolamine, dicy-
clohexylamine, ethylenediamine, glycine, lysine, N-methyl-
glucamine, olamine, 2-amino-2-hydroxymethyl-propane-1,
3-diol, and procaine. For a discussion of useful acid addition
and base salts, see S. M. Berge et al., J. Pharm. Sci. (1977)
66:1-19; see also Stahl and Wermuth, Handbook of Pharma-
ceutical Salts: Properties, Selection, and Use (2002).

Pharmaceutically acceptable salts may be prepared using
various methods. For example, acompound of Formula 1 may
be reacted with an appropriate acid or base to give the desired
salt. Alternatively, a precursor of the compound of Formula 1
may be reacted with an acid or base to remove an acid- or
base-labile protecting group or to open a lactone or lactam
group of the precursor. Additionally, a salt of the compound of
Formula 1 may be converted to another salt through treatment
with an appropriate acid or base or through contact with an
ion exchange resin. Following reaction, the salt may be iso-
lated by filtration if it precipitates from solution, or by evapo-
ration to recover the salt. The degree of ionization of the salt
may vary from completely ionized to almost non-ionized.

Compounds of Formula 1 may exist in a continuum of solid
states ranging from fully amorphous to fully crystalline. The
term “amorphous” refers to a state in which the material lacks
long range order at the molecular level and, depending upon
temperature, may exhibit the physical properties of a solid or
a liquid. Typically such materials do not give distinctive
X-ray diffraction patterns and, while exhibiting the properties
of a solid, are more formally described as a liquid. Upon
heating, a change from solid to liquid properties occurs which
is characterized by a change of state, typically second order
(“glass transition”). The term “crystalline” refers to a solid
phase in which the material has a regular ordered internal
structure at the molecular level and gives a distinctive X-ray
diffraction pattern with defined peaks. Such materials when
heated sufficiently will also exhibit the properties of a liquid,
but the change from solid to liquid is characterized by a phase
change, typically first order (“melting point™).

Compounds of Formula 1 may also exist in unsolvated and
solvated forms. The term “solvate” describes a molecular
complex comprising the compound and one or more pharma-
ceutically acceptable solvent molecules (e.g., ethanol). The
term “hydrate” is a solvate in which the solvent is water.
Pharmaceutically acceptable solvates include those in which
the solvent may be isotopically substituted (e.g., D,O,
acetone-d,, DMSO-dy).

A currently accepted classification system for solvates and
hydrates of organic compounds is one that distinguishes
between isolated site, channel, and metal-ion coordinated
solvates and hydrates. See, e.g., K. R. Morris (H. G. Brittain
ed.) Polymorphism in Pharmaceutical Solids (1995). Isolated
site solvates and hydrates are ones in which the solvent (e.g.,
water) molecules are isolated from direct contact with each
other by intervening molecules of the organic compound. In
channel solvates, the solvent molecules lie in lattice channels
where they are next to other solvent molecules. In metal-ion
coordinated solvates, the solvent molecules are bonded to the
metal ion.

When the solvent or water is tightly bound, the complex
will have a well-defined stoichiometry independent of
humidity. When, however, the solvent or water is weakly
bound, as in channel solvates and in hygroscopic compounds,
the water or solvent content will depend on humidity and
drying conditions. In such cases, non-stoichiometry will typi-
cally be observed.

Compounds of Formula 1 may also exist as multi-compo-
nent complexes (other than salts and solvates) in which the
compound (drug) and at least one other component are
present in stoichiometric or non-stoichiometric amounts.
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Complexes of this type include clathrates (drug-host inclu-
sion complexes) and co-crystals. The latter are typically
defined as crystalline complexes of neutral molecular con-
stituents which are bound together through non-covalent
interactions, but could also be a complex of a neutral mol-
ecule with a salt. Co-crystals may be prepared by melt crys-
tallization, by recrystallization from solvents, or by physi-
cally grinding the components together. See, e.g., O.
Almarsson and M. J. Zaworotko, Chem. Commun. (2004)
17:1889-1896. For a general review of multi-component
complexes, see J. K. Haleblian, J. Pharm. Sci. (1975) 64(8):
1269-88.

When subjected to suitable conditions, compounds of For-
mula 1 may exist in a mesomorphic state (mesophase or liquid
crystal). The mesomorphic state lies between the true crys-
talline state and the true liquid state (either melt or solution).
Mesomorphism arising as the result of a change in tempera-
ture is described as “thermotropic” and mesomorphism
resulting from the addition of a second component, such as
water or another solvent, is described as “lyotropic.” Com-
pounds that have the potential to form lyotropic mesophases
are described as “amphiphilic” and include molecules which
possess a polar ionic moiety (e.g., —COO™Na*, —COO™K*,
—S0,"Na*) or polar non-ionic moiety (such as —N"N*
(CH;);). See, e.g., N. H. Hartshorne and A. Stuart, Crystals
and the Polarizing Microscope (4th ed, 1970).

Compounds of Formula 1 also include all polymorphs and
crystal habits, prodrugs, metabolites, stereoisomers, and tau-
tomers thereof, as well as all isotopically-labeled compounds
thereof.

“Prodrugs” refer to compounds having little or no pharma-
cological activity that can, when metabolized in vivo,
undergo conversion to compounds having desired pharmaco-
logical activity. Prodrugs may be prepared by replacing
appropriate functionalities present in pharmacologically
active compounds with “pro-moieties” as described, for
example, in H. Bundgaar, Design of Prodrugs (1985).
Examples of prodrugs include ester, ether or amide deriva-
tives of compounds of Formula 1 having carboxylic acid,
hydroxy, or amino functional groups, respectively. For further
discussions of prodrugs, see e.g., T. Higuchi and V. Stella
“Pro-drugs as Novel Delivery Systems,” ACS Symposium
Series 14 (1975) and E. B. Roche ed., Bioreversible Carriers
in Drug Design (1987).

“Metabolites” refer to compounds formed in vivo upon
administration of pharmacologically active compounds.
Examples include hydroxymethyl, hydroxy, secondary
amino, primary amino, phenol, and carboxylic acid deriva-
tives of compounds of Formula 1 having methyl, alkoxy,
tertiary amino, secondary amino, phenyl, and amide groups,
respectively.

Compounds of Formula 1 include all stereoisomers,
whether they are pure, substantially pure, or mixtures, and
result from the presence of one or more stereogenic centers,
one or more double bonds, or both. Such stereoisomers may
also result from acid addition or base salts in which the
counter-ion is optically active, for example, when the
counter-ion is D-lactate or L-lysine.

Compounds of Formula 1 also include all tautomers, which
are isomers resulting from tautomerization. Tautomeric isom-
erism includes, for example, imine-enamine, keto-enol,
oxime-nitroso, and amide-imidic acid tautomerism.
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Compounds of Formula 1 may exhibit more than one type
of isomerism.

Geometrical (cis/trans) isomers may be separated by con-
ventional techniques such as chromatography and fractional
crystallization.

Conventional techniques for preparing or isolating a com-
pound having a specific stereochemical configuration include
chiral synthesis from a suitable optically pure precursor or
resolution of the racemate (or the racemate of a salt or deriva-
tive) using, for example, chiral high pressure liquid chroma-
tography (HPLC). Alternatively, the racemate (or a racemic
precursor) may be reacted with a suitable optically active
compound, for example, an alcohol, or, in the case where the
compound of Formula 1 contains an acidic or basic moiety, an
acid or base such as tartaric acid or 1-phenylethylamine. The
resulting diastereomeric mixture may be separated by chro-
matography, fractional crystallization, etc., and the appropri-
ate diastereoisomer converted to the compound having the
requisite stereochemical configuration. For a further discus-
sion of techniques for separating stereoisomers, see E. L.
Eliel and S. H. Wilen, Stereochemistry of Organic Com-
pounds (1994).

Compounds of Formula 1 also include all isotopic varia-
tions, in which at least one atom is replaced by an atom having
the same atomic number, but an atomic mass different from
the atomic mass usually found in nature. Isotopes suitable for
inclusion in compounds of Formula 1 include, for example,
isotopes of hydrogen, such as *H and *H; isotopes of carbon,
such as ''C, '*C and '*C; isotopes of nitrogen, such as 1*N
and °N; isotopes of oxygen, such as '°0, 7O and '®0;
isotopes of sulfur, such as >S; isotopes of fluorine, such as
'8F: isotopes of chlorine, such as **Cl, and isotopes of iodine,
such as '**I and '*°I. Use of isotopic variations (e.g., deute-
rium, H) may afford certain therapeutic advantages resulting
from greater metabolic stability, for example, increased in
vivo half-life or reduced dosage requirements. Additionally,
certain isotopic variations of the disclosed compounds may
incorporate a radioactive isotope (e.g., tritium, *H, or **C),
which may be useful in drug and/or substrate tissue distribu-
tion studies. Substitution with positron emitting isotopes,
such as ''C, '®F, °0 and '*N, may be useful in Positron
Emission Topography (PET) studies for examining substrate
receptor occupancy. Isotopically-labeled compounds may be
prepared by processes analogous to those described else-
where in the disclosure using an appropriate isotopically-
labeled reagent in place of a non-labeled reagent.

The compounds of Formula 1 may be prepared using the
techniques described below. Some of the schemes and
examples may omit details of common reactions, including
oxidations, reductions, and so on, separation techniques (ex-
traction, evaporation, precipitation, chromatography, filtra-
tion, trituration, crystallization, and the like), and analytical
procedures, which are known to persons of ordinary skill in
the art of organic chemistry. The details of such reactions and
techniques can be found in a number of treatises, including
Richard Larock, Comprehensive Organic Transformations
(1999), and the multi-volume series edited by Michael B.
Smith and others, Compendium of Organic Synthetic Meth-
ods (1974 et seq.). Starting materials and reagents may be
obtained from commercial sources or may be prepared using
literature methods. Some of the reaction schemes may omit
minor products resulting from chemical transformations
(e.g., an alcohol from the hydrolysis of an ester, CO, from the
decarboxylation of a di-acid, etc.). In addition, in some
instances, reaction intermediates may be used in subsequent
steps without isolation or purification (i.e., in situ).
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In some of the reaction schemes and examples below,
certain compounds can be prepared using protecting groups,
which prevent undesirable chemical reaction at otherwise
reactive sites. Protecting groups may also be used to enhance
solubility or otherwise modify physical properties of a com-
pound. For a discussion of protecting group strategies, a
description of materials and methods for installing and
removing protecting groups, and a compilation ofuseful pro-
tecting groups for common functional groups, including
amines, carboxylic acids, alcohols, ketones, aldehydes, and
so on, see T. W. Greene and P. G. Wuts, Protecting Groups in
Organic Chemistry (1999) and P. Kocienski, Protective
Groups (2000).

Generally, the chemical transformations described
throughout the specification may be carried out using sub-
stantially stoichiometric amounts of reactants, though certain
reactions may benefit from using an excess of one or more of
the reactants. Additionally, many of the reactions disclosed
throughout the specification may be carried out at about room
temperature (rt) and ambient pressure, but depending on reac-
tion kinetics, yields, and so on, some reactions may be run at
elevated pressures or employ higher temperatures (e.g., reflux
conditions) or lower temperatures (e.g., =78°C.t0 0° C.). Any
reference in the disclosure to a stoichiometric range, a tem-
perature range, a pH range, etc., whether or not expressly
using the word “range,” also includes the indicated endpoints.

Many of the chemical transformations may also employ
one or more compatible solvents, which may influence the
reaction rate and yield. Depending on the nature of the reac-
tants, the one or more solvents may be polar protic solvents
(including water), polar aprotic solvents, non-polar solvents,
or some combination. Representative solvents include satu-
rated aliphatic hydrocarbons (e.g., n-pentane, n-hexane,
n-heptane, n-octane); aromatic hydrocarbons (e.g., benzene,
toluene, xylenes); halogenated hydrocarbons (e.g., methyl-
ene chloride, chloroform, carbon tetrachloride); aliphatic
alcohols (e.g., methanol, ethanol, propan-1-o0l, propan-2-ol,
butan-1-ol, 2-methyl-propan-1-o0l, butan-2-ol, 2-methyl-pro-
pan-2-ol, pentan-1-ol, 3-methyl-butan-1-0l, hexan-1-ol,
2-methoxy-ethanol, 2-ethoxy-ethanol, 2-butoxy-ethanol,
2-(2-methoxy-ethoxy)-ethanol, 2-(2-ethoxy-ethoxy)-etha-
nol, 2-(2-butoxy-ethoxy)-ethanol); ethers (e.g., diethyl ether,
di-isopropyl ether, dibutyl ether, 1,2-dimethoxy-ethane, 1,2-
diethoxy-ethane, 1-methoxy-2-(2-methoxy-ethoxy)-ethane,
1-ethoxy-2-(2-ethoxy-ethoxy)-ethane, tetrahydrofuran, 1,4-
dioxane); ketones (e.g., acetone, methyl ethyl ketone); esters
(methyl acetate, ethyl acetate); nitrogen-containing solvents
(e.g., formamide, N,N-dimethylformamide, acetonitrile,
N-methyl-pyrrolidone, pyridine, quinoline, nitrobenzene);
sulfur-containing solvents (e.g., carbon disulfide, dimethyl
sulfoxide, tetrahydro-thiophene-1,1,-dioxide); and phospho-
rus-containing solvents (e.g., hexamethylphosphoric tria-
mide).

In the schemes, below, substituent identifiers (e.g., R, R,
R* G', Ar, m, etc.) are as defined above for Formula 1. As
mentioned earlier, however, some of the starting materials
and intermediates may include protecting groups, which are
removed prior to the final product. In such cases, the substitu-
ent identifier refers to moieties defined in Formula 1 and to
those moieties with appropriate protecting groups. For
example, a starting material or intermediate in the schemes
may include an R? that is a moiety having a potentially reac-
tive amine. In such cases, R® would include the moiety with or
without, say, a Boc or Cbz group attached to the amine.
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Scheme A shows a method for preparing compounds of
Formula A7. According to the method, a 5-amino-substituted
2,4-dichloropyrimidine or a 3-amino-substituted 2,6-dichlo-
ropyridine Al is reacted with morpholine-3-carboxylic acid
atelevated temperature (e.g., about 100° C.) ina solvent (e.g.,
DMSO) and in the presence of a non-nucleophilic base (e.g.,
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DIPEA or similar tertiary amine). An oxo moiety of the
resulting cyclocondensation product A2 is subsequently
reduced with LiAlH, to give a chloro-substituted oxazinop-
teridine or oxazinopyridopyrazine intermediate A3, which
may be resolved or purified by chiral column chromatogra-
phy, such as supercritical fluid chromatography (SFC), to
give enantiomer A4 or AS. Palladium-catalyzed (e.g.,
Pd(PPh,),, (PPh;),PdCl,, etc.) coupling of compound A3, A4
or A5 with an arylboronic acid, an arylboronate ester (A6) or
an aryl trifluoroborate gives compound A7 with the corre-
sponding stereochemistry. The Suzuki-type coupling is car-
ried out at elevated temperature (e.g., about 90°-100° C.),
typically in the presence of a base (e.g., KF or Na,CO;) and
an organic solvent (e.g., dioxane, DMF, etc.). In Formula A6,
R'is OH or R—R' is pinocol, and in formula A7, the asterisk
(“*") represents a stereogenic center.

Scheme B
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Scheme B shows a method for preparing intermediates of
Formula A3 when R? is optionally substituted C, ¢ alkyl,
—S(0),R® or substituted acyl (i.e., 1-oxo-C, alkyl).
According to the method, chloro-substituted oxazinopteri-
dine or oxazinopyridopyrazine Bl is treated, respectively,
with an alkyl halide, sulfonyl halide or acid halide (R*>—X,
where X is Cl, Br or I) in the presence of a base, with or
without heating, to give the N-substituted intermediate A3,
which may be used to prepare compounds of Formula A7 in
Scheme A.
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Scheme C shows a method for preparing compounds of
formula C4. In the method, a 5-bromo-2,4-dichloropyrimi-
dine or a 3-bromo-2,6-dichloropyridine Cl is reacted with
morpholine-3-carbocyclic acid in the presence of a non-nu-
cleophilic base (e.g., DIPEA or similar tertiary amine) and
solvent (e.g., ethanol) to give an acid intermediate C2. The
carboxylic acid intermediate C2 is converted to an amide C3
via reaction with a primary amine R*NH, in the presence of
an amide coupling reagent, such as HATU or EDC. Ring
closure is effected via Buchwald amidation by heating inter-
mediate C3 at a temperature of about 90-180° C. for about 3
to 18 hours in a solvent (e.g., 1-4 dioxane and/or tert-butanol)
and in the presence of a palladium pre-catalyst (e.g.,
Pd(OAc),), a ligand (e.g., Xanthphos or BINAP), and a base
(e.g., potassium phosphate tribasic or cesium carbonate). As
in Scheme A, palladium-catalyzed coupling of the cyclized
product A2 with an arylboronic acid, an arylboronate ester
(A6) or an aryl trifluoroborate gives compound C4, where the
asterisk (“*”) in Formula C4 represents a stereogenic center.
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Scheme D shows a method for preparing intermediate A2
when R? is an optionally substituted C,_, alkyl. The method
includes treating a chloro-substituted oxazinopteridinone or
oxazinopyridopyrazinone D1 with an alkyl halide (R>—X,
where X is Cl, Br or I) in the presence of a non-nucleohilic
base (e.g., LIHMDS) with or without heating, to give the
N-substituted intermediate 1-2, which may be used to prepare
compounds of Formula C4 in Scheme C.

Scheme E shows a method for preparing compounds of
Formula E4. The method includes reacting intermediate C2
with an imidazole or benzimidazole derivative E1 (where R*
may be attached to carbon atoms on either or both rings) at
elevated temperature (e.g., about 120° C.) in the presence of
a base (e.g., cesium carbonate) to give acid intermediate E2.
As in Scheme C, the carboxylic acid intermediate E2 is con-
verted to an amide E3 via reaction with a primary amine
R*NH, in the presence of an amide coupling reagent, such as
HATU or EDC. Similarly, compound E4 is obtained via
Buchwald amidation by heating intermediate E3 at a tem-
perature of about 90-180° C. for about 3 to 18 hours in a
solvent (e.g., 1-4 dioxane and/or tert-butanol) and in the pres-
ence of a palladium pre-catalyst (e.g., Pd(OAc),), a ligand
(e.g., Xanthphos or BINAP), and a base (e.g., potassium
phosphate tribasic or cesium carbonate).
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Scheme F shows a method for preparing compounds of
Formula C4 when R? is optionally substituted C,_4 alkyl.
According to the method, treating an aryl- or heteroaryl-
substituted oxazinopteridinone or oxazinopyridopyrazinone
F1 with an alkyl halide (R*>—X, where X is Cl, BrorI) in the
presence of a hindered base (e.g., LIHMDS) and solvent (e.g.,
DMF) with or without heating, gives compound C4.

Compounds of Formula 1, which include compounds
named above, and their pharmaceutically acceptable com-
plexes, salts, solvates and hydrates, should be assessed for
their biopharmaceutical properties, such as solubility and
solution stability across pH, permeability, and the like, to
select an appropriate dosage form and route of administra-
tion. Compounds that are intended for pharmaceutical use
may be administered as crystalline or amorphous products,
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and may be obtained, for example, as solid plugs, powders, or
films by methods such as precipitation, crystallization, freeze
drying, spray drying, evaporative drying, microwave drying,
or radio frequency drying.

Compounds of Formula 1 may be administered alone or in
combination with one another or with one or more pharma-
cologically active compounds which are different than the
compounds of Formula 1. Generally, one or more these com-
pounds are administered as a pharmaceutical composition (a
formulation) in association with one or more pharmaceuti-
cally acceptable excipients. The choice of excipients depends
on the particular mode of administration, the effect of the
excipient on solubility and stability, and the nature of the
dosage form, among other things. Useful pharmaceutical
compositions and methods for their preparation may be
found, for example, in A. R. Gennaro (ed.), Remington.: The
Science and Practice of Pharmacy (20th ed., 2000).

Compounds of Formula 1 may be administered orally. Oral
administration may involve swallowing in which case the
compound enters the bloodstream via the gastrointestinal
tract. Alternatively or additionally, oral administration may
involve mucosal administration (e.g., buccal, sublingual,
supralingual administration) such that the compound enters
the bloodstream through the oral mucosa.

Formulations suitable for oral administration include solid,
semi-solid and liquid systems such as tablets; soft or hard
capsules containing multi- or nano-particulates, liquids, or
powders; lozenges which may be liquid-filled; chews; gels;
fast dispersing dosage forms; films; ovules; sprays; and buc-
cal or mucoadhesive patches. Liquid formulations include
suspensions, solutions, syrups and elixirs. Such formulations
may be employed as fillers in soft or hard capsules (made,
e.g., from gelatin or hydroxypropylmethylcellulose) and
typically comprise a carrier (e.g., water, ethanol, polyethyl-
ene glycol, propylene glycol, methylcellulose, or a suitable
oil) and one or more emulsifying agents, suspending agents or
both. Liquid formulations may also be prepared by the recon-
stitution of a solid (e.g., from a sachet).

Compounds of Formula 1 may also be used in fast-dissolv-
ing, fast-disintegrating dosage forms such as those described
in Liang and Chen, Expert Opinion in Therapeutic Patents
(2001) 11(6):981-986.

For tablet dosage forms, depending on dose, the active
pharmaceutical ingredient (API) may comprise from about 1
wt % to about 80 wt % of the dosage form or more typically
from about 5 wt % to about 60 wt % of the dosage form. In
addition to the API, tablets may include one or more disinte-
grants, binders, diluents, surfactants, glidants, lubricants,
anti-oxidants, colorants, flavoring agents, preservatives, and
taste-masking agents. Examples of disintegrants include
sodium starch glycolate, sodium carboxymethyl cellulose,
calcium carboxymethyl cellulose, croscarmellose sodium,
crospovidone, polyvinylpyrrolidone, methyl cellulose,
microcrystalline cellulose, C, ; alkyl-substituted hydrox-
ypropylcellulose, starch, pregelatinized starch, and sodium
alginate. Generally, the disintegrant will comprise from about
1 wt % to about 25 wt % or from about 5 wt % to about 20
wt % of the dosage form.

Binders are generally used to impart cohesive qualities to a
tablet formulation. Suitable binders include microcrystalline
cellulose, gelatin, sugars, polyethylene glycol, natural and
synthetic gums, polyvinylpyrrolidone, pregelatinized starch,
hydroxypropylcellulose and hydroxypropylmethylcellulose.
Tablets may also contain diluents, such as lactose (monohy-
drate, spray-dried monohydrate, anhydrous), mannitol, xyli-
tol, dextrose, sucrose, sorbitol, microcrystalline cellulose,
starch and dibasic calcium phosphate dihydrate.
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Tablets may also include surface active agents, such as
sodium lauryl sulfate and polysorbate 80, and glidants such as
silicon dioxide and talc. When present, surface active agents
may comprise from about 0.2 wt % to about 5 wt % of the
tablet, and glidants may comprise from about 0.2 wt % to
about 1 wt % of the tablet.

Tablets may also contain lubricants such as magnesium
stearate, calcium stearate, zinc stearate, sodium stearyl fuma-
rate, and mixtures of magnesium stearate with sodium lauryl
sulfate. Lubricants may comprise from about 0.25 wt % to
about 10 wt % or from about 0.5 wt % to about 3 wt % of the
tablet.

Tablet blends may be compressed directly or by roller
compaction to form tablets. Tablet blends or portions of
blends may alternatively be wet-, dry-, or melt-granulated,
melt congealed, or extruded before tableting. If desired, prior
to blending one or more of the components may be sized by
screening or milling or both. The final dosage form may
comprise one or more layers and may be coated, uncoated, or
encapsulated. Exemplary tablets may contain up to about 80
wt % of AP, from about 10 wt % to about 90 wt % of binder,
from about 0 wt % to about 85 wt % of diluent, from about 2
wt % to about 10 wt % of disintegrant, and from about 0.25
wt % to about 10 wt % of lubricant. For a discussion of
blending, granulation, milling, screening, tableting, coating,
as well as a description of alternative techniques for preparing
drug products, see A. R. Gennaro (ed.), Remington: The Sci-
ence and Practice of Pharmacy (20th ed., 2000); H. A. Lie-
berman et al. (ed.), Pharmaceutical Dosage Forms: Tablets,
Vol. 1-3 (2d ed., 1990); and D. K. Parikh & C. K. Parikh,
Handbook of Pharmaceutical Granulation Technology, Vol.
81 (1997).

Consumable oral films for human or veterinary use are
pliable water-soluble or water-swellable thin film dosage
forms which may be rapidly dissolving or mucoadhesive. In
addition to the API, a typical film includes one or more
film-forming polymers, binders, solvents, humectants, plas-
ticizers, stabilizers or emulsifiers, viscosity-modifying
agents, and solvents. Other film ingredients may include anti-
oxidants, colorants, flavorants and flavor enhancers, preser-
vatives, salivary stimulating agents, cooling agents, co-sol-
vents (including oils), emollients, bulking agents, anti-
foaming agents, surfactants, and taste-masking agents. Some
components of the formulation may perform more than one
function.

In addition to dosing requirements, the amount of API in
the film may depend on its solubility. If water soluble, the API
would typically comprise from about 1 wt % to about 80 wt %
of the non-solvent components (solutes) in the film or from
about 20 wt % to about 50 wt % of the solutes in the film. A
less soluble API may comprise a greater proportion of the
composition, typically up to about 88 wt % of the non-solvent
components in the film.

The film-forming polymer may be selected from natural
polysaccharides, proteins, or synthetic hydrocolloids and
typically comprises from about 0.01 wt % to about 99 wt % or
from about 30 wt % to about 80 wt % of the film.

Film dosage forms are typically prepared by evaporative
drying of thin aqueous films coated onto a peelable backing
support or paper, which may carried out in a drying oven or
tunnel (e.g., in a combined coating-drying apparatus), in lyo-
philization equipment, or in a vacuum oven.

Useful solid formulations for oral administration may
include immediate release formulations and modified release
formulations. Modified release formulations include
delayed-, sustained-, pulsed-, controlled-, targeted-, and pro-
grammed-release. For a general description of suitable modi-
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fied release formulations, see U.S. Pat. No. 6,106,864. For
details of other useful release technologies, such as high
energy dispersions and osmotic and coated particles, see
Verma et al, Pharmaceutical Technology On-line (2001)
25(2):1-14.

Compounds of Formula 1 may also be administered
directly into the blood stream, muscle, or an internal organ of
the subject. Suitable techniques for parenteral administration
include intravenous, intraarterial, intraperitoneal, intrathecal,
intraventricular, intraurethral, intrasternal, intracranial, intra-
muscular, intrasynovial, and subcutaneous administration.
Suitable devices for parenteral administration include needle
injectors, including microneedle injectors, needle-free injec-
tors, and infusion devices.

Parenteral formulations are typically aqueous solutions
which may contain excipients such as salts, carbohydrates
and buffering agents (e.g., pH of from about 3 to about 9). For
some applications, however, compounds of Formula 1 may be
more suitably formulated as a sterile non-aqueous solution or
as a dried form to be used in conjunction with a suitable
vehicle such as sterile, pyrogen-free water. The preparation of
parenteral formulations under sterile conditions (e.g., by lyo-
philization) may be readily accomplished using standard
pharmaceutical techniques.

The solubility of compounds which are used in the prepa-
ration of parenteral solutions may be increased through
appropriate formulation techniques, such as the incorporation
of solubility-enhancing agents. Formulations for parenteral
administration may be formulated to be immediate or modi-
fied release. Modified release formulations include delayed,
sustained, pulsed, controlled, targeted, and programmed
release. Thus, compounds of Formula 1 may be formulated as
a suspension, a solid, a semi-solid, or a thixotropic liquid for
administration as an implanted depot providing modified
release of the active compound. Examples of such formula-
tions include drug-coated stents and semi-solids and suspen-
sions comprising drug-loaded poly(DL-lactic-coglycolic)
acid (PGLA) microspheres.

Compounds of Formula 1 may also be administered topi-
cally, intradermally, or transdermally to the skin or mucosa.
Typical formulations for this purpose include gels, hydrogels,
lotions, solutions, creams, ointments, dusting powders, dress-
ings, foams, films, skin patches, wafers, implants, sponges,
fibers, bandages and microemulsions. Liposomes may also be
used. Typical carriers may include alcohol, water, mineral oil,
liquid petrolatum, white petrolatum, glycerin, polyethylene
glycol and propylene glycol. Topical formulations may also
include penetration enhancers. See, e.g., Finnin and Morgan,
J. Pharm. Sci. 88(10):955-958 (1999).

Other means of topical administration include delivery by
electroporation, iontophoresis, phonophoresis, sonophoresis
and microneedle or needle-free (e.g. Powderject™ and
Bioject™) injection. Formulations for topical administration
may be formulated to be immediate or modified release as
described above.

Compounds of Formula 1 may also be administered intra-
nasally or by inhalation, typically in the form of a dry powder,
an aerosol spray, or nasal drops. An inhaler may be used to
administer the dry powder, which comprises the API alone, a
powder blend of the API and a diluent, such as lactose, or a
mixed component particle that includes the API and a phos-
pholipid, such as phosphatidylcholine. For intranasal use, the
powder may include a bioadhesive agent, e.g., chitosan or
cyclodextrin. A pressurized container, pump, sprayer, atom-
izer, or nebulizer, may be used to generate the acrosol spray
from a solution or suspension comprising the API, one or
more agents for dispersing, solubilizing, or extending the
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release of the API (e.g., EtOH with or without water), one or
more solvents (e.g., 1,1,1,2-tetrafluoroethane or 1,1,1,2,3.3,
3-heptafluoropropane) which serve as a propellant, and an
optional surfactant, such as sorbitan trioleate, oleic acid, or an
oligolactic acid. An atomizer using electrohydrodynamics
may be used to produce a fine mist.

Priorto use in a dry powder or suspension formulation, the
drug product is usually comminuted to a particle size suitable
for delivery by inhalation (typically 90% of the particles,
based on volume, having a largest dimension less than 5
microns). This may be achieved by any appropriate size
reduction method, such as spiral jet milling, fluid bed jet
milling, supercritical fluid processing, high pressure homog-
enization, or spray drying.

Capsules, blisters and cartridges (made, for example, from
gelatin or hydroxypropylmethyl cellulose) for use in an
inhaler or insufflator may be formulated to contain a powder
mixture of the active compound, a suitable powder base such
as lactose or starch, and a performance modifier such as
L-leucine, mannitol, or magnesium stearate. The lactose may
be anhydrous or monohydrated. Other suitable excipients
include dextran, glucose, maltose, sorbitol, xylitol, fructose,
sucrose, and trehalose.

A suitable solution formulation for use in an atomizer
using electrohydrodynamics to produce a fine mist may con-
tain from about 1 png to about 20 mg of the API per actuation
and the actuation volume may vary from about 1 pl, to about
100 pL. A typical formulation may comprise one or more
compounds of Formula 1, propylene glycol, sterile water,
EtOH, and NaCl. Alternative solvents, which may be used
instead of propylene glycol, include glycerol and polyethyl-
ene glycol.

Formulations forinhaled administration, intranasal admin-
istration, or both, may be formulated to be immediate or
modified release using, for example, PGLA. Suitable flavors,
such as menthol and levomenthol, or sweeteners, such as
saccharin or sodium saccharin, may be added to formulations
intended for inhaled/intranasal administration.

In the case of dry powder inhalers and aerosols, the dosage
unit is determined by means of a valve that delivers a metered
amount. Units are typically arranged to administer a metered
dose or “puff” containing from about 10 pg to about 1000 ng
of the API. The overall daily dose will typically range from
about 100 pg to about 10 mg which may be administered in a
single dose or, more usually, as divided doses throughout the
day.

The active compounds may be administered rectally or
vaginally, e.g., in the form of a suppository, pessary, or
enema. Cocoa butter is a traditional suppository base, but
various alternatives may be used as appropriate. Formulations
for rectal or vaginal administration may be formulated to be
immediate or modified release as described above.

Compounds of Formula 1 may also be administered
directly to the eye or ear, typically in the form of drops of a
micronized suspension or solution in isotonic, pH-adjusted,
sterile saline. Other formulations suitable for ocular and aural
administration include ointments, gels, biodegradable
implants (e.g. absorbable gel sponges, collagen), non-biode-
gradable implants (e.g. silicone), wafers, lenses, and particu-
late or vesicular systems, such as niosomes or liposomes. The
formulation may include one or more polymers and a preser-
vative, such as benzalkonium chloride. Typical polymers
include crossed-linked polyacrylic acid, polyvinylalcohol,
hyaluronic acid, cellulosic polymers (e.g., hydroxypropylm-
ethylcellulose, hydroxyethylcellulose, methyl cellulose), and
heteropolysaccharide polymers (e.g., gelan gum). Such for-
mulations may also be delivered by iontophoresis. Formula-
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tions for ocular or aural administration may be formulated to
be immediate or modified release as described above.

To improve their solubility, dissolution rate, taste-masking,
bioavailability, or stability, compounds of Formula 1 may be
combined with soluble macromolecular entities, including
cyclodextrin and its derivatives and polyethylene glycol-con-
taining polymers. For example, API-cyclodextrin complexes
are generally useful for most dosage forms and routes of
administration. Both inclusion and non-inclusion complexes
may be used. As an alternative to direct complexation with the
API, the cyclodextrin may be used as an auxiliary additive,
i.e. as a carrier, diluent, or solubilizer. Alpha-, beta- and
gamma-cyclodextrins are commonly used for these purposes.
See, e.g., WO 91/1172, WO 94/02518, and WO 98/55148.

As noted above, one or more compounds of Formula 1,
including compounds specifically named above, and their
pharmaceutically active complexes, salts, solvates and
hydrates, may be combined with each other or with one or
more other active pharmaceutically active compounds to treat
various diseases, conditions and disorders. In such cases, the
active compounds may be combined in a single dosage form
as described above or may be provided in the form of a kit
which is suitable for coadministration of the compositions.
The kit comprises (1) two or more different pharmaceutical
compositions, at least one of which contains a compound of
Formula 1; and (2) a device for separately retaining the two
pharmaceutical compositions, such as a divided bottle or a
divided foil packet. An example of such a kit is the familiar
blister pack used for the packaging of tablets or capsules. The
kit is suitable for administering different types of dosage
forms (e.g., oral and parenteral) or for administering different
pharmaceutical compositions at separate dosing intervals, or
for ftitrating the different pharmaceutical compositions
against one another. To assist with patient compliance, the kit
typically comprises directions for administration and may be
provided with a memory aid.

For administration to human patients, the total daily dose
of the claimed and disclosed compounds is typically in the
range of about 0.1 mg to about 3000 mg depending on the
route of administration. For example, oral administration
may require a total daily dose of from about 1 mg to about
3000 mg, while an intravenous dose may only require a total
daily dose of from about 0.1 mg to about 300 mg. The total
daily dose may be administered in single or divided doses
and, at the physician’s discretion, may fall outside of the
typical ranges given above. Although these dosages are based
on an average human subject having a mass of about 60 kg to
about 70 kg, the physician will be able to determine the
appropriate dose for a patient (e.g., an infant) whose mass
falls outside of this weight range.

As noted above, the compounds of Formula 1 may be used
to treat disorders, diseases, and conditions for which inhibi-
tion of PI3KJ is indicated. Such disorders, diseases, and
conditions generally relate to any unhealthy or abnormal state
in a subject for which the inhibition of PI3Kd provides a
therapeutic benefit. More particularly, such disorders, dis-
eases, and conditions may involve the immune system and
inflammation, including Type I hypersensitivity (allergic)
reactions (allergic rhinitis, allergic asthma, and atopic derma-
titis); autoimmune diseases (theumatoid arthritis, multiple
sclerosis, systemic lupus erythematosus, psoriasis, and
immune thrombocytopenic purpura); inflammation of the
lung (chronic obstructive pulmonary disease) and thrombo-
sis. The compounds of Formula 1 may also be used to treat
disorders, diseases, and conditions related to abnormal cell
growth, including hematological malignancies, such as acute
myeloid leukemia, B-cell chronic lymphocytic leukemia,
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B-cell lymphoma (e.g., mantle cell lymphoma), and T-cell
lymphoma (e.g., peripheral T-cell lymphoma), as well as
epithelial cancers (i.e., carcinomas), such as lung cancer
(small cell lung cancer and non-small cell lung cancer), pan-
creatic cancer, and colon cancer.

In addition to the hematological malignancies and epithe-
lial cancers noted above, the compounds of Formula 1 may
also be used to treat other types of cancer, including leukemia
(chronic myelogenous leukemia and chronic lymphocytic
leukemia); breast cancer, genitourinary cancer, skin cancer,
bone cancer, prostate cancer, and liver cancer; brain cancer;
cancer of the larynx, gall bladder, rectum, parathyroid, thy-
roid, adrenal, neural tissue, bladder, head, neck, stomach,
bronchi, and kidneys; basal cell carcinoma, squamous cell
carcinoma, metastatic skin carcinoma, osteosarcoma,
Ewing’s sarcoma, veticulum cell sarcoma, and Kaposi’s sar-
coma; myeloma, giant cell tumor, islet cell tumor, acute and
chronic lymphocytic and granulocytic tumors, hairy-cell
tumor, adenoma, medullary carcinoma, pheochromocytoma,
mucosal neuromas, intestinal ganglioneuromas, hyperplastic
corneal nerve tumor, marfanoid habitus tumor, Wilms’ tumor,
seminoma, ovarian tumor, leiomyomater tumor, cervical dys-
plasia, neuroblastoma, retinoblastoma, myelodysplastic syn-
drome, rhabdomyosarcoma, astrocytoma, non-Hodgkin’s
lymphoma, malignant hypercalcemia, polycythermia vera,
adenocarcinoma, glioblastoma multiforma, glioma, lympho-
mas, and malignant melanomas, among others.

In addition to cancer, the compounds of Formula 1 may
also be used to treat other diseases related to abnormal cell
growth, including non-malignant proliferative diseases such
as benign prostatic hypertrophy, restinosis, hyperplasia, syn-
ovial proliferation disorder, retinopathy or other neovascular
disorders of the eye, among others.

The compounds of Formula 1 may also be used to treat
autoimmune disorders in addition to those listed above. Such
disorders, diseases, and conditions include Crohns disease,
dermatomyositis, diabetes mellitus type 1, Goodpasture’s
syndrome, Graves’ disease, Guillain-Barré syndrome, Hash-
imoto’s disease, mixed connective tissue damage, myasthe-
nia gravis, narcolepsy, pemphigus vulgaris, pernicious ane-
mia, polymyositis, primary biliary cirrhosis, Sjogren’s
syndrome, temporal arteritis, ulcerative colitis, vasculitis, and
Wegener’s granulomatosis, among others.

Furthermore, compounds of Formula 1 may be used to treat
inflammatory disorders including asthma, chronic inflamma-
tion, chronic prostatitis, glomerulonephritis, hypersensitivi-
ties, inflammatory bowel diseases (ulcerative colitis in addi-
tion to Crohn’s disease), pelvic inflammatory disease,
reperfusion injury, transplant rejection, vasculitis, and sys-
temtic inflammatory response syndrome.

The compounds of Formula 1 may also be used to treat
specific diseases that may fall within one or more general
disorders described above, including arthritis. In addition to
rheumatoid arthritis, Sjégren’s syndrome, systemic lupus
erythematosus, SLE in children and adolescents, compounds
of Formula 1 may also be used to treat other arthritis diseases,
including ankylosing spondylitis, avascular necrosis, Beh-
cet’s disease, bursitis, calcium pyrophosphate dihyrate crys-
tal deposition disease (pseudo gout), carpal tunnel syndrome,
Ehlers-Danlos syndrome, fibromyalgia, Fifth disease, giant
cell arteritis, gout, juvenile dermatomyositis, juvenile rheu-
matoid arthritis, juvenile spondyloarthopathy, Lyme disease,
Marfan syndrome, myositis, osteoarthritis, osteogenesis
imperfect, osteoporosis, Paget’s disease, psoriatic arthritis,
Raynaud’s phenomenon, reactive arthritis, reflex sympa-
thetic dystrophy syndrome, scleroderma, spinal stenosis,
Still’s disease, and tendinitis, among others.
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The claimed and disclosed compounds may be combined
with one or more other pharmacologically active compounds
or therapies for the treatment of one or more disorders, dis-
eases or conditions for which PI3K39 is indicated, including
disorders, diseases, and conditions involving the immune
system, inflammation, and abnormal cell growth. For
example, compounds of Formula 1, which include com-
pounds specifically named above, and their pharmaceutically
acceptable complexes, salts, solvates and hydrates, may be
administered simultaneously, sequentially or separately in
combination with one or more compounds or therapies for
treating arthritis, including rheumatoid arthritis and osteoar-
thritis, or for treating cancer, including hematological malig-
nancies, such as acute myeloid leukemia, B-cell chronic lym-
phocytic leukemia, B-cell lymphoma, and T-cell lymphoma,
and carcinomas, such as lung cancer, pancreatic cancer, and
colon cancer. Such combinations may offer significant thera-
peutic advantages, including fewer side effects, improved
ability to treat underserved patient populations, or synergistic
activity.

For example, when used to treat arthritis, the compounds of
Formula 1 may be combined with one or more nonsteroidal
anti-inflamatory drugs (NSAIDs), analgesics, corticoster-
oids, biological response modifiers, and protein-A immu-
noadsorption therapy. Alternatively or additionally, when
treating rheumatoid arthritis, the compounds of Formula 1
may be combined with one or more disease modifying anti-
rheumatic drugs (DMARDs), and when treating osteoarthri-
tis, the compounds of Formula 1 may be combined with one
or more osteoporosis agents.

Representative NSAIDs include apazone, aspirin, cele-
coxib, diclofenac (with and without misoprostol), diflunisal,
etodolac, fenoprofen, flurbiprofen, ibuprofen, indomethacin,
ketoprofen, meclofenamate sodium, mefenamic acid,
meloxicam, nabumetone, naproxen, oxaprozin, phenylbuta-
zone, piroxicam, choline and magnesium salicylates, sal-
salate, and sulindac. Representative analgesics include
acetaminophen and morphine sulfate, as well as codeine,
hydrocodone, oxycodone, propoxyphene, and tramadol, all
with or without acetaminophen. Representative corticoster-
oids include betamethasone, cortisone acetate, dexametha-
sone, hydrocortisone, methylprednisolone, prednisolone, and
prednisone. Representative biological response modifiers
include TNF-a inhibitors, such as adalimumab, etanercept,
and infliximab; selective B-cell inhibitors, such as rituximab;
IL-1 inhibitors, such as anakinra, and selective costimulation
modulators, such as abatacept.

Representative DMARD:s include auranofin (oral gold),
azathioprine, chlorambucil, cyclophosamide, cyclosporine,
gold sodium thiomalate (injectable gold), hydroxychloro-
quine, leflunomide, methotrexate, minocycline, myopheno-
late mofetil, penicillamine, and sulfasalazine. Representative
osteoporosis agents include bisphosphonates, such as alendr-
onate, ibandronate, risedronate, and zoledronic acid; selec-
tive estrogen receptor modulators, such as droloxifene, laso-
foxifene, and raloxifene; hormones, such as calcitonin,
estrogens, and parathyroid hormone; and immunosuppres-
sant agents such as azathioprine, cyclosporine, and rapamy-
cin.

Particularly useful combinations for treating rheumatoid
arthritis include a compound of Formula 1 and methotrexate;
a compound of Formula 1 and one or more biological
response modifiers, such as lefluonomide, etanercept, adali-
mumab, and infliximab; or a compound of Formula 1, meth-
otrexate, and one or more biological response modifiers, such
as lefluonomide, etanercept, adalimumab, and infliximab.
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For the treatment of thrombis and restensosis, the com-
pounds of Formula 1 may be combined with one or more
cardiovascular agents such as calcium channel blockers,
statins, fibrates, beta-blockers, ACE inhibitors, and platelet
aggregation inhibitors.

The compounds of Formula 1 may also be combined with
one or more compounds or therapies for treating cancer.
These include chemotherapeutic agents (i.e., cytotoxic or
antineoplastic agents) such as alkylating agents, antibiotics,
antimetabolic agents, plant-derived agents, and topoi-
somerase inhibitors, as well as molecularly targeted drugs
which block the growth and spread of cancer by interfering
with specific molecules involved in tumor growth and pro-
gression. Molecularly targeted drugs include both small mol-
ecules and biologics.

Representative alkylating agents include bischloroethy-
lamines (nitrogen mustards, e.g., chlorambucil, cyclophos-
phamide, ifosfamide, mechlorethamine, melphalan, and
uracil mustard); aziridines (e.g., thiotepa); alkyl alkone sul-
fonates (e.g., busulfan); nitrosoureas (e.g., carmustine,
lomustine, and streptozocin); nonclassical alkylating agents
(e.g., altretamine, dacarbazine, and procarbazine); and plati-
num compounds (e.g., carboplatin, cisplatin, nedaplatin,
oxaliplatin, satraplatin, and triplatin tetranitrate).

Representative antibiotic agents include anthracyclines
(e.g., aclarubicin, amrubicin, daunorubicin, doxorubicin, epi-
rubicin, idarubicin, pirarubicin, valrubicin, and zorubicin);
anthracenediones (e.g., mitoxantrone and pixantrone); and
streptomyces (e.g., actinomycin, bleomycin, dactinomycin,
mitomycin C, and plicamycin).

Representative antimetabolic agents include dihydrofolate
reductase inhibitors (e.g., aminopterin, methotrexate, and
pemetrexed); hymidylate synthase inhibitors (e.g., raltitrexed
and pemetrexed); folinic acid (e.g., leucovorin); adenosine
deaminase inhibitors (e.g., pentostatin); halogenatedribo-
nucleotide reductase inhibitors (e.g., cladribine, clofarabine,
and fludarabine); thiopurines (e.g, thioguanine and mercap-
topurine); thymidylate synthase inhibitors (e.g., fluorouracil,
capecitabine, tegafur, carmofur, and floxuridine); DNA poly-
merase inhibitors (e.g., cytarabine); ribonucleotide reductase
inhibitors (e.g., gemcitabine); hypomethylating agent (e.g.,
azacitidine and decitabine); and ribonucleotide reductase
inhibitor (e.g., hydroxyurea); and an asparagine depleter
(e.g., asparaginase)

Representative plant-derived agents include vinca alka-
loids (e.g., vincristine, vinblastine, vindesine, vinzolidine,
and vinorelbine), podophyllotoxins (e.g., etoposide and teni-
poside), and taxanes (e.g., docetaxel, larotaxel, ortataxel,
paclitaxel, and tesetaxel).

Representative type 1 topoisomerase inhibitors include
camptothecins, such as belotecan, irinotecan, rubitecan, and
topotecan. Representative type I topoisomerase inhibitors
include amsacrine, etoposide, etoposide phosphate, and teni-
poside, which are derivatives of epipodophyllotoxins.

Molecularly targeted therapies include biologic agents
such as cytokines and other immune-regulating agents. Use-
ful cytokines include interleukin-2 (IL-2, aldesleukin), inter-
leukin 4 (IL-4), interleukin 12 (IL.-12), and interferon, which
includes more than 23 related subtypes. Other cytokines
include granulocyte colony stimulating factor (CSF)
(filgrastim) and granulocyte macrophage CSF (sargra-
mostim). Other immuno-modulating agents include bacillus
Calmette-Guerin, levamisole, and octreotide; monoclonal
antibodies against tumor antigens, such as trastruzumab and
rituximab; and cancer vaccines, which induce an immune
response to tumors.



US 9,045,496 B2

31

In addition, molecularly targeted drugs that interfere with
specific molecules involved in tumor growth and progression
include inhibitors of epidermal growth factor (EGF), trans-
forming growth factor-alpha (TGF,,), TGF, heregulin, insu-
lin-like growth factor (IGF), fibroblast growth factor (FGF),
keratinocyte growth factor (KGF), colony stimulating factor
(CSF), erythropoietin (EPO), interleukin-2 (IL-2), nerve
growth factor (NGF), platelet-derived growth factor (PDGF),
hetaptocyte growth factor (HGF), vascular endothelial
growth factor (VEGF), angiopoietin, epidermal growth factor
receptor (EGFR), human epidermal growth factor receptor 2
(HER2), HER4, insulin-like growth factor 1 receptor
(IGF1R), IGF2R, fibroblast growth factor 1 receptor
(FGF1R), FGF2R, FGF3R, FGF4R, vascular endothelial
growth factor receptor (VEGFR), tyrosine kinase with immu-
noglobulin-like and epidermal growth factor-like domains 2
(Tie-2), platelet-derived growth factor receptor (PDGFR),
Abl, Ber-Abl, Raf, FMS-like tyrosine kinase 3 (FLT?3), c-Kit,
Sre, protein kinase ¢ (PKC), tropomyosin receptor kinase
(Trk), Ret, mammalian target of rapamycin (mTOR), Aurora
kinase, polo-like kinase (PLK), mitogen activated protein
kinase (MAPK), mesenchymal-epithelial transition factor
(c-MET), cyclin-dependant kinase (CDK), Akt, extracellular
signal-regulated kinases (ERK), poly(ADP) ribose poly-
merase (PARP), and the like.

Specific molecularly targeted drugs include selective estro-
gen receptor modulators, such as tamoxifen, toremifene, ful-
vestrant, and raloxifene; antiandrogens, such as bicaluta-
mide, nilutamide, megestrol, and flutamide; and aromatase
inhibitors, such as exemestane, anastrozole, and letrozole.
Other specific molecularly targeted drugs include agents
which inhibit signal transduction, such as imatinib, dasatinib,
nilotinib, trastuzumab, gefitinib, erlotinib, cetuximab, lapa-
tinib, panitumumab, and temsirolimus; agents that induce
apoptosis, such as bortezomib; agents that block angiogensis,
such as bevacizumab, sorafenib, and sunitinib; agents that
help the immune system destroy cancel cells, such as ritux-
imab and alemtuzumab; and monoclonal antibodies which
deliver toxic molecules to cancer cells, such as gemtuzumab
ozogamicin, tositumomab, 1311-tositumoab, and ibritumo-
mab tiuxetan.

Biological Activity

The activity of compounds as PI3K9 inhibitors may be
determined by a variety of methods, including in vitro and in
vivo methods. The following in vitro assay measures a test
compound’s ability to inhibit PI3Kd-mediated phosphoryla-
tion of PIP2 and ATP.

Recombinant GST-tagged PIK3CD is purchased from
Invitrogen (Part Number: PV5274). The protein is full length
and co-expressed with untagged PIK3R 1, phosphoinositide-
3-kinase regulatory subunit 1 (p85a). The protein is stored at
-20° C. in 50 mM TRIS (pH 7.5), 150 mM NaCl, 0.5 mM
EDTA, 0.02% Triton X-100, 2 mM DTT, and 50% glycerol.

A modified PIK3CD Adapta® assay (Invitrogen, Carlsbad,
Calif.) is used to measure PI3K9 inhibition of the example
compounds. The assay has two phases. In the first phase,
kinase reaction components, which include the enzyme
(PIK3CD), substrates (PIP2, ATP), test compound (inhibi-
tor), and assay buffer are added to each well, and the reaction
is allowed to incubate for a pre-determined period of time.
After reaction, a detection solution composed of an Eu (eu-
ropium)-labeled anti-ADP antibody, Alexa Fluor® 647-la-
beled ADP tracer, and EDTA (to stop the kinase reaction) is
added to each assay well. In this second phase, ADP formed
by the kinase reaction displaces the Alexa Fluor® 647-la-
beled ADP tracer from the antibody, resulting in a decrease in
time-resolved fluorescence resonance energy transfer (TR-
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FRET) signal. In the presence of the inhibitor, the amount of
ADP formed by the kinase reaction is reduced, and the result-
ing intact antibody-tracer interaction maintains a high TR-
FRET signal.

The assay uses black Greiner® 384-well plates (784076).
The reaction buffer contains 50 mM Hepes (pH 7.5), 3 mM
MgCl,, 1 mM EGTA, 100 mM NacCl, 0.03% CHAPS; 2 mM
DTT is added fresh prior to each experiment. Enzyme (4 pulL,
estimated 1.5 nM in buffer) is first added to the wells of the
plate. Next, test compounds (2 pl.) from a source plate (5%
dilution plate) are introduced into the wells. The final DMSO
concentration in each assay well is 1%. The dilution plate
contains 5% DMSO in the bottom half of columns 23 and 24,
which serve as negative (non-inhibited) controls; the top half
contains a known inhibitor concentration (positive control)
that gives >98% inhibition of the kinase reaction. Other wells
contain test compounds serially diluted across the plate 11
times for a total of 12 data points. The kinase reactions are
carried out at room temperature and are initiated by the addi-
tion of 4 pL. of solution containing 2 uM ATP and 50 uM PIP2.
Each reaction is stopped after 1 hour +10 minutes via addition
of 10 uL stop solution, which contains a final assay concen-
tration of 3 nM Alexa Fluor® 647-labeled ADP tracer, 2 nM
Eu-anti-ADP Antibody, and 10 mM EDTA. After allowing
the solutions to equilibrate for 30+10 minutes, a PHER Astar
plate reader is used to excite the Eu donor (at 337 nm) and to
detect emission from the Alexa Fluor® 647 at 665 nm. This
emission signal is referenced or “ratioed” to the emission
from Eu at 620 nm. The emission ratio (665 nm/620 nm) from
each well is collected and converted to percent conversion
using a standard curve for the assay conditions: %
conversion=Bx(C+A-emission ratio)/(emission ratio-C),
where “A” and “C” are the maximum and minimum values of
the emission ratio obtained from the standard curve of emis-
sion ratio vs. % conversion (ATP-ADP); “B” is the emission
ratio corresponding to the % conversion at the ECs,, value for
the ADP Tracer—Fu anti-ADP antibody complex. The per-
cent inhibition for a given inhibitor concentration is com-
puted from % conversion for the reaction and for the positive
and negative controls. Corresponding IC,, values are calcu-
lated by non-linear curve fitting of the compound concentra-
tions and values of percent inhibition to the standard ICj,
equation and are reported as pICs, i.e., -log(IC,,), where
1C,, is molar concentration at 50% inhibition.

EXAMPLES

The following examples are intended to be illustrative and
non-limiting, and represent specific embodiments of the
present invention.

'H Nuclear magnetic resonance (NMR) spectra were
obtained for many of the compounds in the following
examples. Characteristic chemical shifts (8) are given in
parts-per-million downfield from tetramethylsilane using
conventional abbreviations for designation of major peaks,
including s (singlet), d (doublet), t (triplet), q (quartet), m
(multiplet), and br (broad). The following abbreviations are
used for common solvents: CDCl; (deuterochloroform),
DMSO-dg (deuterodimethylsulfoxide), CD,OD (deuter-
omethanol), and THF-d, (deuterotetrahydrofuran). The mass
spectra (|[M+H]") were recorded using either electrospray
ionization (ESI) or atmospheric pressure chemical ionization.

Where indicated, products of certain preparations and
examples are purified by mass-triggered HPLC (e.g., Pump:
Waters™ 2525; MS: ZQ™; Software: MassLynx™), flash
chromatography or preparative thin layer chromatography
(TLC). Reverse phase chromatography is typically carried
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out on a column (Gemini™ 5u C18 110A, Axia™, 30x75
mm, 5p) under acidic conditions, eluting with ACN and water
mobile phases containing 0.035% and 0.05% trifluoroacetic
acid (TFA), respectively, or under basic conditions, eluting
with water and 2080 (v/v) water/acetonitrile mobile phases,
both containing 10 mM NH,HCO,. Preparative TLC is typi-
cally carried out on silica gel 60 F, 5, plates. After isolation by
chromatography, the solvent is removed and the product is
obtained by drying in a centrifugal evaporator (e.g., Gene-
Vac™), rotary evaporator, evacuated flask, etc. Reactions in
an inert (e.g., nitrogen) or reactive (e.g., H,) atmosphere are
typically carried out at a pressure of about 1 atmosphere (14.7

psi).

Preparation x1: 2-chloro-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-6(5H)-one

2,4-Dichloropyrimidin-5-amine (25 g, 152 mmol) and
morpholine-3-carboxylic acid hydrochloride (28.1 g, 168
mmol) were dissolved in DMSO (200 mL) to give a yellow
suspension. To the suspension was added N,N-diisopropyl-
ethylamine (106 mL, 610 mmol) and the mixture was heated
to 100° C. for 18 hours. The mixture was cooled to room
temperature and poured into ice. Water was added until the
total volume was 1 L. The resulting beige suspension was
stirred overnight before the solid was collected on a fritted-
glass funnel of medium porosity. The solid was washed with
water (3x) and then dried under a stream of nitrogen overnight
to afford the title compound as a light yellow solid that was
used without further purification (18.6 g, 51%). ESI-MS m/z
[M+H]* calc’d for C;HCIN,O,, 241.04; found 241.1.

Preparation x2: 2-chloro-5,6,6a,7,9,10-hexahydro-[ 1,
4Joxazino[3,4-h]pteridine

LA

N Cl

2-Chloro-6a,7,9,10-tetrahydro-[1,4]oxazino[3,4-h]|pteri-
din-6(5H)-one (PREPARATION x1, 17.3 g, 71.9 mmol) was
dissolved in THF (250 mL). To the resulting suspension was
added lithium aluminum hydride in THF (2.0 M, 46.7 mL,, 93
mmol) dropwise through an addition funnel at 0° C. to give a
clear light-brown solution. The reaction mixture was allowed
to warm to room temperature and was stirred for 3 hours.
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Ethyl acetate (~25 mL) was added at 0° C. in portions; a
saturated aqueous solution of NH,Cl (125 mL) was then
added dropwise until bubbling ceased. The upper organic
layer was decanted, concentrated in vacuo and then parti-
tioned between brine and ethyl acetate. The murky bottom
layer was then extracted with ethyl acetate (3x) and the com-
bined organic layers were dried over MgSQO,, filtered, and
concentrated. The product was triturated with ether/ethyl
acetate and collected by filtration under nitrogen to give the
title compound (9.6 g, 59%). 'H NMR (DMSO-dy) & 2.88-
2.94 (m,2H),3.12 (t,1 H),3.26-3.28 (m, 1 H), 3.42-3.51 (m,
2 H), 3.86-3.92 (m, 2 H), 4.19-4.21 (d, J=8.0 Hz, 1 H), 5.96
(br s, 1 H), 7.36 (s, 1 H). ESI-MS nv/z [M+H]* calc’d for
C,H,CIN,O,, 241.04; found 241.1.

Preparation x3: (R)-2-chloro-5,6,6a,7,9,10-hexahy-
dro-[1,4]oxazino| 3,4-h]pteridine

e}

N

@

)\

N Cl

An enantiomeric mixture of 2-chloro-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine (PREPARATION
x2, 8 g) was dissolved in MeOH (400 mL) and was separated
by supercritical fluid chromatography (SFC) (Chiralcel®
AS-H (5 um, 20x150 mm), 20% MeOH in liquid CO, at 55
ml./min, 3 ml/injection). The peak eluting at ~5 minutes was
collected. The stereo-configuration was assigned based on a
comparison of retention times of an enantiomerically-en-
riched sample synthesized in a manner similar to PREPARA-
TION x1 and PREPARATION x2 using optically pure (S)-
morpholine-3-carboxylic acid.

Preparation x4: (S)-2-chloro-5,6,6a,7,9,10-hexahy-
dro-[1,4]oxazino| 3,4-h]pteridine
o)

)

N
@
N)\Cl
The title compound was obtained as the peak eluting at

~3.5 minutes by chiral SFC chromatography in PREPARA-
TION x3.

Preparation x5: 2-chloro-5-(cyclopropylmethyl)-5,6,
6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]pteridine

HN

HN
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2-Chloro-5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h]
pteridine (PREPARATION x2, 200 mg, 0.882 mmol) was
dissolved in DMSO (4.4 mL). Sodium tert-butoxide (102 mg,
1.059 mmol) was then added to give a brown solution. After
5 minutes, (bromomethyl)cyclopropane (86 uL., 0.882 mmol)
was added dropwise. The reaction mixture was stirred for 2
hours at room temperature then quenched with aqueous satu-
rated NH,Cl. The reaction mixture was diluted with ethyl
acetate and washed with aqueous saturated NH,Cl (3x25
mL). The combined organic layers were dried over MgSO,,
filtered, and concentrated in vacuo. The crude product was
loaded onto an ISCO® silica gel cartridge (12 g) and eluted
with an ethyl acetatehexane gradient. The product was col-
lected and concentrated in vacuo to afford the title compound
as a yellow oil (100 mg, 40%). ESI-MS m/z [M+H]* calc’d

for C, ;H,,CIN,O, 281.1; found 281.3.

Preparation x6: 2-chloro-5-(2-chloro-4-(methylsulfo-
nyl)benzyl)-5,6,6a,7,9,10-hexahydro-[ 1,4 ]oxazino[3,
4-h|pteridine

HyC //O j
o// N
N N
| N
Cl N)\Cl

2-Chloro-5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h]

pteridine (PREPARATION x2, 200 mg, 0.882 mmol) was
dissolved in DMSO (4.4 mL). Sodium tert-butoxide (102 mg,
1.059 mmol) was then added to give a brown solution. After
5 minutes, 1-(bromomethyl)-2-chloro-4-(methylsulfonyl)
benzene (250 mg, 0.882 mmol) was added dropwise. The
reaction mixture was stirred for 18 hours. Additional sodium
tert-butoxide (0.5 eq) was added and the reaction mixture was
stirred for an additional 18 hours. The reaction mixture was
subsequently diluted with ethyl acetate and was washed with
aqueous saturated NH,Cl (3x25 mL). The combined organic
layers were dried over MgSQ,, filtered, and concentrated in
vacuo. The crude product was loaded onto an ISCO® silica
gel cartridge (12 g) and eluted with an ethyl acetatehexane
gradient. The product was collected and concentrated in
vacuo to afford the title compound as a yellow oil (143 mg,
37%). ESI-MS m/z [M+H]" calc’d for C,,H,CI,N,O;S,
430.3; found 431.3.

Preparation x7: methyl 4-((2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h|pteridin-5(6H)-yl)me-

thyl)benzoate
O
0 j
H;C
\O N
N N N
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2-Chloro-5,6,6a,7,9,10-hexahydro-[ 1,4 ]oxazino[3,4-h]
pteridine (PREPARATION x2, 350 mg, 1.544 mmol) was
dissolved in DMSO (10 mL). Sodium tert-butoxide (223 mg,
2.316 mmol) was added, followed 5 minutes later by the
addition of methyl 4-(bromomethyl)benzoate (531 mg, 2.316
mmol) to give a brown suspension. The reaction mixture was
heated to 100° C. in a microwave on high absorbance for 30
minutes. The reaction mixture was diluted with ethyl acetate
and washed with aqueous saturated NH,CI (2x15 mL) and
brine (2x15 mL). The combined organic layers were dried
over MgSQ,, filtered, and concentrated in vacuo. The crude
product was loaded onto an ISCO® silica gel cartridge (24 g)
and eluted using an ethyl acetatehexane gradient. The product
was collected and concentrated in vacuo to afford the title
compound as a yellow oil (133 mg, 23%). ESI-MS m/z

[M+H]* calc’d for C,H,,CIN,O;, 375.1; found 375 .4.

Preparation x8: 2-(4-((2-chloro-6a,7,9,10-tetrahydro-
[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)methyl)phenyl)

propan-2-ol
O
CH;
HO
H,C N
N S N

LA

N Cl

To an oven dried flask was added methyl 4-((2-chloro-6a,
7,9,10-tetrahydro-[1,4]oxazino[ 3,4-h]pteridin-5(6H)-yl)me-
thyl)benzoate (PREPARATION x7, 128 mg, 0.341 mmol) in
THF (2.3 mL). The flask was evacuated, flushed with N,, and
cooled to 0° C. Methylmagnesium bromide (250 uL, 0.751
mmol) was added dropwise at 0° C. and the reaction mixture
was stirred for 30 minutes. The crude reaction mixture was
washed with Rochelle salts (2x10 mL.) and brine (2x10 mL).
The combined organic layers were dried over MgSO,, fil-
tered, and concentrated in vacuo. The crude product was
loaded onto an ISCO® silica gel cartridge (4 g) and eluted
using an ethyl acetatehexane gradient. The product was col-
lected and concentrated in vacuo to afford the title compound
asayellow oil (39 mg, 31%). 'HNMR (400 MHz, DMSO-d,)
d 1.40 (s, 6 H), 2.93-2.99 (m, 1 H), 3.00-3.07 (m, 1 H),
3.11-3.20 (m, 1 H), 3.25-3.27 (m, 1 H), 3.42-3.51 (m, 1 H),
3.62-3.64 (m, 1 H), 3.85-3.99 (m, 2 H), 4.24-4.26 (m, 1 H),
4.34-4.40 (m, 2 H), 4.94-4.97 (m, 1 H), 7.19-7.26 (m, 2 H),
7.35-7.38 (m, 1 H), 7.40-7.45 (m, 2 H). ESI-MS m/z [M+H]*
cale’d for C, H,;CIN,O,, 375.15; found 375.4.

Preparation x9: 2-chloro-5-(4-(methylsulfonyl)ben-
zyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino|3,4-h]

pteridine
O
H3C\S// j
N
g
N X N
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2-Chloro-5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h]
pteridine (PREPARATION x2, 580 mg, 2.56 mmol) was dis-
solved in DMSO (20 mL). Sodium tert-butoxide (295 mg,
3.07 mmol) was added, followed by 1-(bromomethyl)-4-(me-
thylsulfonyl)benzene (669 mg, 2.69 mmol) to give a brown
solution. The reaction mixture was stirred overnight at room
temperature. The reaction mixture was quenched with aque-
ous saturated NH,Cl, diluted with ethy] acetate, and washed
with aqueous saturated NH,Cl (3x20 mL). The combined
organic layers were dried over MgSO,, filtered, and concen-
trated. The crude product was loaded onto an ISCO® silica
gel cartridge (40 g) and eluted using an ethyl acetatehexane
gradient. The product was collected and concentrated in
vacuo to afford the title compound as a yellow solid (403 mg,
40%). ESI-MS m/z [M+H]" calc’d for C,,H,,CIN,O;S,

395.09; found 395 4.

Preparation x10: (R)-2-chloro-5-(4-(methylsulfonyl)
benzyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]
pteridine

4-Methylsulphonylbenzyl bromide (121 mg, 0.485 mmol)
was added to a mixture of (R)-2-chloro-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine (PREPARATION
x3, 100 mg, 0.441 mmol) and potassium tert-butoxide (59.4
mg, 0.529 mmol) in DMSO (2206 uL.) at room temperature.
The resultant mixture was stirred overnight at room tempera-
ture and subsequently diluted with EtOAc and water. The
mixture was extracted twice with EtOAc. The combined
extracts were washed with brine, dried over Na,SO,, filtered,
and concentrated in vacuo. The residue was purified by col-
umn chromatography (SiO,, eluting with 0-10% MeOH/
CHCI, gradient) to afford the title compound as an off-white
solid (55.9 mg, 32%). '"H NMR (400 MHz, DMSO-d,) 8
2.94-3.06 (m, 1 H), 3.08-3.29 (m, 5 H), 3.35-3.52 (m, 2 H),
3.67-3.76 (m, 1 H), 3.86-4.01 (m, 2 H), 4.25 (dd, I=13.64,
1.77Hz,1H),4.55 (s, 2 H), 7.30 (s, 1 H), 7.57 (d, J=8.34 Hz,
2 H), 7.87-7.92 (m, 2 H). ESI-MS m/z [M+H]* calc’d for
C,,H,,CIN,O;S, 395.09; found 395.2.

Preparation x11: 2-chloro-5-tosyl-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h|pteridine

H;C O

Jo
s\/N | Xy
VA
o0 N)\Cl
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2-Chloro-5,6,6a,7,9,10-hexahydro-[ 1,4 ]oxazino[3,4-h]
pteridine (PREPARATION x2, 300 mg, 1.324 mmol) was
dissolved in DMSO (20 mL). Sodium tert-butoxide (153 mg,
1.588 mmol) was added followed by 4-methylbenzene-1-
sulfonyl chloride (278 mg, 1.456 mmol). The reaction mix-
ture was heated to 50° C. and stirred for 18 hours. Additional
4-methylbenzene-1-sulfonyl chloride (0.5 eq) was added and
the reaction mixture was stirred for 18 hours at 50° C. The
reaction mixture was subsequently quenched with aqueous
saturated NH,Cl, diluted with ethyl acetate, and washed with
aqueous saturated NH,CI1 (3x20 mL). The combined organic
layers were dried over MgSO,, filtered, and concentrated.
The crude product was loaded onto an ISCO® silica gel
cartridge (12 g) and eluted using an ethyl acetatehexane gra-
dient. The product was collected and concentrated in vacuo to
afford the title compound as a yellow solid (68 mg, 14%).
ESI-MS m/z [M+H]* calc’d for C,4H,,CIN,O;S, 381.07,

found 381.3.

Preparation x12: 2-(1-(tert-butyldimethylsilyl)-1H-
indol-4-y1)-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[ 3,
4-h|pteridine

Oj
N
HN
\ N J—
| CH;

N :

= ~~Si

N \\C<CH3>3

CH;

2-Chloro-5,6,6a,7,9,10-hexahydro-[ 1,4 ]oxazino[3,4-h]

pteridine (PREPARATION x2, 75 mg, 0.331 mmol), 1-(tert-
butyldimethylsilyl)-1H-indol-4-ylboronic acid (182 mg,
0.662 mmol) and PdCl,(dppf) (12.11 mg, 0.017 mmol) were
partially dissolved in dioxane (2 mL) and aqueous saturated
NaHCO; (0.4 mL) to give a brown suspension. The reaction
mixture was heated to 100° C. and stirred for 18 hours. Fol-
lowing reaction, the mixture was diluted with ethyl acetate
and washed with aqueous saturated NH,Cl (3x5 mL). The
combined organic layers were dried over MgSO,, filtered,
and concentrated. The crude product was loaded onto an
ISCO® silica gel cartridge (12 g) and eluted using an ethyl
acetatehexane gradient. The product was collected and con-
centrated in vacuo to afford the title compound as a brown oil
(43 mg, 30%). 'H NMR (400 MHz, DMSO-d,) § 0.62 (s, 6
H), 0.88 (s, 9 H), 2.96-3.08 (m, 1 H), 3.16-3.25 (m, 1 H),
3.39-3.62 (m, 2 H), 3.85-3.97 (m, 2 H), 4.00-4.07 (m, 2 H),
4.43-4.55 (m, 1 H), 5.90-5.96 (m, 1 H), 7.10-7.18 (m, 1 H),
7.34-7.39 (m, 1 H), 7.49-7.56 (m, 2 H), 7.71 (s, 1 H), 7.89-
796 (m, 1 H). ESI-MS m/z [M+H]* calc’d for
C,;H;,CIN;OSi, 422.23; found 422.5.

Preparation x13: 1-(2-(1-(tert-butyldimethylsilyl)-
1H-indol-4-y1)-6a,7,9,10-tetrahydro-| 1,4]oxazino|[3,
4-h|pteridin-5(6H)-y1)-2-(4-methoxyphenyl)etha-
none

Oj
%N
N
N
N —
m \f\ N s
H;C 0 P ~ai
o N N~c(cHy);
CH;
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2-(1-(tert-Butyldimethylsilyl)-1H-indol-4-y1)-5,6,6a,7.9,

10-hexahydro-[1,4]oxazino[3,4-h]pteridine =~ (PREPARA-
TIONx12,42 mg, 0.100 mmol) in CH,Cl, (1 mL) was cooled
to 0° C. 2-(4-Methoxyphenyl)acetyl chloride (0.018 mlL,,
0.120 mmol) was added, followed by triethylamine (0.028
ml, 0.199 mmol) to give a yellow solution. The reaction
mixture was stirred for 2 hours at 0° C. The solvent was
subsequently removed in vacuo and the resulting concentrate
was loaded onto an ISCO® silica gel cartridge (4 g) and
eluted using an ethyl acetatehexane gradient. The product
was collected and concentrated in vacuo to afford the title
compound as a yellow oil (42 mg, 74%). 'H NMR (400 MHz,
DMSO-dy) 8 0.64 (s, 6 H), 0.89 (s, 9 H), 3.02-3.22 (m, 4 H),
3.42-3.61 (m, 2 H), 3.66-3.78 (m, 3 H), 3.87-3.92 (m, 2 H),
3.91-3.98 (m, 1 H), 4.30-4.47 (m, 1 H), 4.64-4.75 (m, 1 H),
6.79-6.93 (m, 2 H), 7.00-7.30 (m, 3 H), 7.42-7.51 (m, 2 H),
7.61-7.68 (m, 1 H), 8.02-8.07 (m, 1 H), 8.32-9.02 (m, 1 H).
ESI-MS m/z [M+H]* calc’d for C;,H;sN;O;Si, 570.28;
found 570.6.

Preparation x14: 3-((2-chloro-6a,7,9,10-tetrahydro-
[1,4]oxazino[3,4-h]pteridin-5(6H)-y)methyl)ben-

zonitrile
Oj
N

N
x
S N
- L
Z

N ClL

The title compound was made in a manner similar to
PREPARATION x9 using 2-chloro-5,6,6a,7,9,10-hexahy-
dro-[1,4]oxazino[3,4-h]pteridine (PREPARATION x2, 75
mg, 0.331 mmol), sodium tert-butoxide (35.0 mg, 0.364
mmol), and 3-(bromomethyl)benzonitrile (78 mg, 0.397
mmol) in DMSO (2 mL). "H NMR (400 MHz, DMSO-dy) 8
2.99 (m, 3 H), 3.34-3.39 (m, 1 H), 3.41-3.53 (m, 1 H), 3.65-
3.77 (m, 1 H),3.84-3.99 (m, 2 H), 4.19-4.28 (m, 1 H), 4.46 (s,
2 H), 7.29 (s, 1 H), 7.53-7.60 (m, 1 H), 7.63-7.69 (m, 1 H),
7.79 (m, 2 H). ESI-MS m/z [M+H]* cale’d for C,,H, ;CINO,
342.10; found 342.2.

Preparation x15: 3-((2-chloro-6a,7,9,10-tetrahydro-
[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)methyl)-4-

fluorobenzonitrile
(0]
F j
N
N
x
L N
> PN
=
N ClL

The title compound was made in a manner similar to
PREPARATION x9 using 2-chloro-5,6,6a,7,9,10-hexahy-
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dro-[1,4]oxazino|3,4-h]pteridine (PREPARATION x2, 75
mg, 0.331 mmol), sodium tert-butoxide (38.2 mg, 0.397
mmol), and 3-(bromomethyl)-4-fluorobenzonitrile (78 mg,
0.364 mmol) in DMSO (2 mL). "H NMR (400 MHz, DMSO-
dy) 82.93-3.20 (m, 4 H), 3.42-3.54 (m, 1 H), 3.65-3.77 (m, 1
H),3.83-3.99 (m, 2H),4.19-4.28 (m, 1 H), 4.49 (m, 2 H), 7.34
(s, 1 H), 7.44-7.54 (m, 1 H), 7.88 (m, 2 H). ESI-MS nv/z
[M+H]* calc’d for C,,H,CIFN0, 360.09; found 360.2.

Preparation x16: 5-benzyl-2-chloro-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine

To 2-chloro-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]
pteridine (PREPARATION x2, 82 mg, 0.362 mmol) in DMF
(2 mL) was added N,N-diisopropylethylamine (0.076 mL,
0.434 mmol) and (bromomethyl)benzene (0.047 mL., 0.398
mmol) to give a yellow solution, which was stirred at room
temperature for 48 hours. The mixture was subsequently
diluted with ethyl acetate and then washed with aqueous
saturated NH,C1 (2x5 mL) and brine (2x5 mL). The com-
bined organic layers were dried over MgSQO,, filtered, and
concentrated. The crude product was loaded onto an ISCO®
silica gel cartridge (4 g) and eluted using an ethyl acetatehex-
ane gradient. The product was collected and concentrated in
vacuo to afford the title compound as a yellow solid (55 mg,
48%). 'H NMR (400 MHz, DMSO-d,) § 2.91-3.10 (m, 2 H),
3.10-3.22 (m, 1 H), 3.32 (s, 1 H), 3.40-3.54 (m, 1 H), 3.60-
3.75(m, 1 H),3.81-4.01 (m, 2 H), 4.15-4.30 (m, 1 H), 4.41 (s,
2 H), 7.20-7.42 (m, 6 H). ESI-MS m/z [M+H]* calc’d for
C,¢H,,CIN,O, 317.11; found 317.3.

Preparation x17: 2-((2-chloro-6a,7,9,10-tetrahydro-
[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)methyl)ben-

zonitrile
(0]
a j
N
N | N N
)\
N ClL

The title compound was made in a manner similar to
PREPARATION x9 using 2-chloro-5,6,6a,7,9,10-hexahy-
dro-[1,4]oxazino|3,4-h]pteridine (PREPARATION x2, 200
mg, 0.882 mmol), sodium tert-butoxide (102 mg, 1.059
mmol) and 2-(bromomethyl)benzonitrile (190 mg, 0.971
mmol) in DMSO (5 mL). *H NMR (400 MHz, DMSO-d) &
2.94-3.10 (m, 2 H), 3.16 (m, 1 H), 3.28-3.32 (m, 1 H), 3.42-
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3.52 (m, 1 H), 3.65-3.76 (m, 1 H), 3.82-4.00 (m, 2 H), 4.22-
431 (m, 1 H), 4.58 (d, J=19.96 Hz, 2 H), 7.34 (s, 1 H),
7.46-7.56 (m,2H),7.68 (d,J=1.26 Hz, 1 H), 7.88 (dd, J=7.71,
0.88 Hz, 1 H). ESI-MS m/z [M+H]* calc’d for C,,H, ;CIN,O,
342.10; found 342.2.

Preparation x18: 2-((2-chloro-6a,7,9,10-tetrahydro-
[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)methyl)benza-
mide

O

Nj
N\f\ I
)\
O NI, N Cl

2-((2-Chloro-6a,7,9,10-tetrahydro-[1,4]oxazino[3,4-h]

pteridin-5(6H)-y)methyl)benzonitrile (PREPARATION
x17, 140 mg, 0.410 mmol) was dissolved in concentrated
sulfuric acid (1 ml) and was stirred overnight at room tem-
perature. Following reaction, the mixture was diluted with
ethyl acetate and was washed with aqueous saturated
NaHCO; (2x15 mL) and brine (2x5 mL). The combined
organic layers were dried over MgSQ,, filtered, and concen-
trated. The product was purified by LC/MS using a gradient of
20-45% CH;CN (with 0.035% TFA) in H,O (with 0.05%
TFA). The pure fractions were combined and lyophilized to
afford the title compound as a white solid (147 mg, 99%). 'H
NMR (400 MHz, DMSO-d,) 8 2.91-3.05 (m, 2 H), 3.10-3.19
(m, 1 H), 3.22-3.29 (m, 1 H), 3.44-3.49 (m, 1 H), 3.63-3.73
(m, 1 H), 3.81-3.99 (m, 2 H), 4.21-4.29 (m, 1 H), 4.36-4.61
(m, 2 H), 7.19-7.24 (m, 1 H), 7.30-7.50 (m, 5 H), 7.78-7.87
(m, 1 H). ESI-MS m/z [M+H]" calc’d for C,,H, CIN,O,,
360.11; found 360.2.

Preparation x19: (R)-2-chloro-5-((5-ethyl-1,3,4-oxa-
diazol-2-yl)methyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]
oxazino[3,4-h]pteridine

HsC N
\_</\|N (\N
AN
| )\
N Cl

To a 50 mL round-bottom flask was added (R)-2-chloro-5,
6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h]pteridine
(PREPARATION x3, 200 mg, 0.882 mmol) in DMSO (8 mL)
followed by sodium tert-butoxide (102 mg, 1.059 mmol). The
reaction mixture was stirred at room temperature for 10 min-
utes. 2-(Chloromethyl)-5-ethyl-1,3,4-oxadiazole (155 mg,
1.059 mmol) was then added to give an orange solution. After
1 hour, LC/MS indicated the reaction was complete. The
reaction mixture was subsequently diluted with EtOAc and
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washed with aqueous saturated NH,Cl1 (3x). The combined
organic layers were dried over MgSO,, filtered, and concen-
trated. The product was purified by column chromatography
(12 g SiO, column, EtOAc(20-80%)hexane gradient) to give
the title compound as a pale yellow solid (165 mg, 56%). "H
NMR (400 MHz, DMSO-d,) 6 1.24 (t, J=7.58 Hz, 3 H), 2.83
(d, J=7.33 Hz, 2 H), 2.93-3.03 (m, 1 H), 3.04-3.21 (m, 2 H),
3.36-3.51 (m, 2 H), 3.59-3.71 (m, 1 H), 3.85-3.98 (m, 2 H),
4.20-4.29 (m, 1 H), 4.57-4.67 (m, 1 H), 4.84-4.94 (m, 1 H),
7.57 (s, 1 H). ESI-MS m/z [M+H]* calc’d for C, ,H, ,CIN,O,,
337.78; found 337.2.

Preparation x20: 2-chloro-4-methyl-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine

o}
HO j

N

cl N

N N Y
| N DIPEA
=
HsC N Cl
0 0
0, j j
N LiAlH, N
—_—
HN HN
| Xy | Xy
P P
H;C N Cl H;C N Cl

Step A: 2-chloro-4-methyl-6a,7,9,10-tetrahydro-[ 1,4]
oxazino[3,4-h]pteridin-6(5H)-one

A round-bottom flask was charged with crude 2,4-
dichloro-6-methylpyrimidin-5-amine (6.644 g, 37.3 mmol),
morpholine-3-carboxylic acid hydrochloride (7.51 g, 44.8
mmol), DIPEA (26.1 mI, 149 mmol) and DMSO (49.0 mL)).
The flask was heated overnight at 100° C. The mixture was
subsequently cooled to room temperature and then poured
into ice. The solution was stirred while slowly warmed to
room temperature. The mixture was subsequently filtered,
and the filtrate was purified by preparatory HPLC using a
gradient of 15-40% CH;CN (with 0.035% TFA) in H,O (with
0.05% TFA). The fractions were collected and concentrated
in vacuo to give the title compound as a white solid (387 mg,
4.1%). "H NMR (400 MHz, DMSO-d,) 8 2.26 (s, 3 H), 2.54
(s, 1 H), 2.87-2.99 (m, 1 H), 3.43-3.52 (m, 1 H), 3.91 (dd,
J=11.72,3.42Hz, 1 H), 4.10-4.22 (m, 2 H), 4.29 (dd, I=10.74,
3.91 Hz, 1 H),10.51 (s, 1 H). ESI-MS nv/z [M+H]" calc’d for
C,oH,,CIN,O,, 255.06; found 255.5.

Step B: 2-chloro-4-methyl-5,6,6a,7,9,10-hexahydro-
[1,4]oxazino[3,4-h]pteridine

A round-bottom flask was charged with 2-chloro-4-me-
thyl-6a,7,9,10-tetrahydro-[ 1,4]oxazino|[3,4-h|pteridin-6
(5H)-one (387 mg, 1.520 mmol) in THF (7.6 mL). To the
resulting suspension was added lithium aluminum hydride in
THF (1.0 M, 1975 pL, 1.975 mmol) dropwise at 0° C. The
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reaction mixture was allowed to warm to room temperature
and was stirred overnight. Ethyl acetate (~1 mL) was subse-
quently added in portions at 0° C. Aqueous saturated NH,Cl
(5 mL) was then added dropwise until bubbling stopped. The
upper organic layer was decanted, concentrated, and then
partitioned between brine and ethyl acetate. The murky bot-
tom layer was extracted with ethyl acetate (3x) and the com-
bined organic layers were dried over MgSO,, filtered, and
concentrated. The product was triturated with ether/EtOAc
and filtered under N, to give the title compound as a yellow
solid (264 mg, 72%). ESI-MS m/z [M+H]|* calc’d for
C,oH,5CIN,O, 241.08; found 241.6.

Preparation x21: 2-chloro-4-methyl-5-(4-(methylsul-
fonyl)benzyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino
[3,4-h]pteridine

o
o)
O/ j
N
O//
N | Ny
)\
H;C N cl

To a round-bottom flask was added 2-chloro-4-methyl-5,
6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h]pteridine
(PREPARATION %20, 264 mg, 1.097 mmol) in DMSO (8.6
mL). Sodium tert-butoxide (126 mg, 1.316 mmol) was then
added, followed by 1-(bromomethyl)-4-(methylsulfonyl)
benzene (287 mg, 1.152 mmol). The reaction mixture was
stirred for 2 days at room temperature. The mixture was
subsequently filtered and the filtrate was purified by prepara-
tory HPLC using a gradient of 5-60% CH;CN (with 0.035%
TFA) in H,O (with 0.05% TFA). The fractions were collected
and concentrated in vacuo to give the title compound as a
yellow solid (94 mg, 21%). ESI-MS m/z [M+H]* calc’d for
C, H,,CIN,O,S, 409.1; found 409.6.

Preparation x22: 2-chloro-5-(cyclopropylmethyl)-4-
methyl-5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h]

pteridine
Oj
N
N
AN g

To a round-bottom flask was added 2-chloro-4-methyl-5,
6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h]pteridine
(PREPARATION x20, 248 mg, 1.030 mmol) in DMSO (4
mL). Sodium tert-butoxide (119 mg, 1.236 mmol) was added,
followed by (bromomethyl)cyclopropane (0.105 mL., 1.082
mmol), and the reaction mixture was stirred overnight at room
temperature. The mixture was subsequently filtered and the
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filtrate was purified by preparatory HPLC using a gradient of
25-50% CH,CN (with 0.035% TFA) in H,O (with 0.05%
TFA). The fractions were collected and concentrated in vacuo
to give the title compound as a brown solid (56 mg, 0.190
mmol, 18%). ESI-MS m/z [M+H]* calc’d for C, ,H,,CIN,O,
295.12; found 295.6.

Preparation x23: tert-butyl (1r,4r)-4-((2-chloro-6a,7,
9,10-tetrahydro-[1,4|oxazin[3,4-h|pteridin-5(6H)-yl)
methyl)cyclohexylcarbamate

H
H;C o N
N
H;C
CH; O e, N
’ . | Sx

A

N

e}

Cl

A vessel was charged with ((1r,4r)-4-(tert-butoxycarbony-
lamino)cyclohexyl)methyl 4-methylbenzenesulfonate (169
mg, 0.441 mmol), 2-chloro-5,6,6a,7,9,10-hexahydro-[1,4]
oxazino[3,4-h]pteridine (PREPARATION x2, 100 mg, 0.441
mmol), and potassium 2-methylpropan-2-olate (59.4 mg,
0.529 mmol), and DMA (2.4 mL). The resulting mixture was
stirred at 85° C. overnight. Additional ((1r,4r)-4-(tert-butoxy-
carbonylamino)cyclohexyl)methyl 4-methylbenzene-
sulfonate (169 mg, 0.441 mmol) and potassium 2-methylpro-
pan-2-olate (59.4 mg, 0.529 mmol) were added and the
reaction mixture was stirred at 85° C. for 1 hour. More ((1r,
4r)-4-(tert-butoxycarbonylamino)cyclohexyl)methyl 4-me-
thylbenzenesulfonate (216 mg, 0.564 mmol) and potassium
2-methylpropan-2-olate (76 mg, 0.676 mmol) were added
and the reaction mixture was stirred at 85° C. for another 2
hours. The mixture was subsequently filtered and the filtrate
was purified by preparatory HPLC using a gradient of
40-65% CH,CN (with 0.035% TFA) in H,O (with 0.05%
TFA). The pure fractions were combined and concentrated to
give the title compound as a yellow solid (31 mg, 16% yield).
ESI-MS nv/z [M+H]" calc’d for C,,H;,CIN;O;, 438.22;
found 438.5.

Preparation x24: (R)-tert-butyl 2-(2-chloro-6a,7,9,
10-tetrahydro-[ 1,4]oxazino|[3,4-h]pteridin-5(6H)-yl)
acetate

CHy, O N
N
H,C 0 | Xy
P
N cl

Sodium hydride (60% in oil, 19.41 mg, 0.485 mmol) was
added to a solution of (R)-2-chloro-5,6,6a,7,9,10-hexahydro-
[1,4]oxazino[3,4-h]|pteridine (PREPARATION x3, 100 mg,
0.441 mmol) in DMF (1 mL) at 0° C. The resulting mixture
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was stirred at room temperature for 30 minutes, after which
tert-butyl bromoacetate (0.078 mL., 0.529 mmol) was added
at 0° C. The reaction mixture was stirred at room temperature
for 30 minutes. Water was added and the mixture was
extracted with EtOAc, washed with brine, dried over Na,SO,,
filtered, and concentrated in vacuo. The residue was purified
by column chromatography (SiO,, 20-80% EtOAc/hexane
gradient) to afford the title compound as an off-white solid
(101 mg, 67.2%). "H NMR (400 MHz, CDCl,) § 1.44-1.49
(m, 9 H), 3.01-3.11 (m, 1 H), 3.15-3.29 (m, 2 H), 3.37 (dd,
J=11.37, 8.84 Hz, 1 H), 3.58 (td, J=11.94, 2.91 Hz, 1 H),
3.64-3.76 (m, 2 H), 3.88-4.07 (m, 3 H), 4.53 (dd, I=13.89,
2.02 Hz, 1 H), 7.22 (s, 1 H). ESI-MS nv/z [M+H]" calc’d for
C,H,,CIN,O,, 341.13; found 341.2

Preparation x25: (R)-2-(2-chloro-6a,7,9,10-tetrahy-
dro-[1,4]oxazino|3,4-h]pteridin-5(6H)-yl)acetic acid,
HCI

) //\N
N
HO)K/ | Sy
/I\
N cl

A mixture of (R)-tert-butyl 2-(2-chloro-6a,7,9,10-tetrahy-
dro-[1,4]oxazino|3,4-h]pteridin-5(6H)-yl)acetate (PREPA-
RATION x24, 580 mg, 1.702 mmol) and HCI (4M in 1,4-
dioxane) (15 mL, 60.0 mmol) was stirred at 70° C. for 1 hour
and concentrated in vacuo to afford the title compound as a
brown solid (590 mg, 108%). '"H NMR (400 MHz, DMSO-
dg) 9 2.95-3.04 (m, 1 H), 3.09-3.20 (m, 2 H), 3.32 (dd,
J=11.62,3.79 Hz, 1 H), 3.43-4.00 (m, 5 H), 4.19-4.29 (m, 2
H), 735 (s, 1 H). ESI-MS m/z [M+H]" calc’d for
C,,H,,CIN,O,, 284.07; found 285.1.

Preparation x26: (R)-2-(2-chloro-6a,7,9,10-tetrahy-
dro-[1,4]oxazino[3,4-h]pteridin-5(6H)-y1)-N-((tet-
rahydro-2H-pyran-4-yl)methyl)acetamide

=/o

o (\N
N
! |
0 )\
N Cl

HATU (841 mg, 2.213 mmol) was added to a mixture of
(R)-2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4]oxazino
[3,4-h]pteridin-S(6H)-yl)acetic acid, HC1 (PREPARATION
x25, 547 mg, 1.702 mmol), 4-aminomethyltetrahydropyran
(294 mg, 2.55 mmol) and Et;N (0.712 mL, 5.11 mmol) in
DMF (6 mL) at room temperature. The resulting mixture was
stirred at room temperature for 1 hour. The reaction mixture
was subsequently diluted with EtOAc, washed with aqueous
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saturated NaHCO,; and brine, dried over Na,SO,, filtered, and
concentrated in vacuo to give a residue which was purified by
column chromatography (SiO,, 0-10% gradient of MeOH in
CHCI,) to afford the title compound as a white solid (478 mg,
73.5%). "HNMR (400 MHz, DMSO-d,) § 1.05-1.18 (m, 2H),
1.46-1.55 (m, 2 H), 1.54-1.69 (m, 1 H), 2.89-3.02 (m, 3 H),
3.09-3.31 (m, 5 H), 3.47 (td, J=11.87, 2.78 Hz, 1 H), 3.57-
3.67 (m, 1 H), 3.69-4.02 (m, 6 H), 4.23 (dd, J=13.52, 1.89 Hz,
1 H), 7.21 (s, 1 H), 8.04 (t, I=5.81 Hz, 1 H). ESI-MS m/z
[M+H]* cale’d for C,,H,,CIN;O;, 382.16; found 382.3.

Preparation x27: 5-((6-bromopyridin-2-yl)methyl)-2-
chloro-5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h]

pteridine
Oj
= N
A N
Br N | N
)\
N Cl

The title compound was prepared in a manner similar to
PREPARATION x9 using 2-chloro-5,6,6a,7,9,10-hexahy-
dro-[1,4]oxazino|3,4-h]pteridine (PREPARATION x2, 300
mg, 1.324 mmol) in DMSO (20 mL) followed by sodium
tert-butoxide (153 mg, 1.588 mmol) and 2-bromo-6-(bro-
momethyl)pyridine (332 mg, 1.324 mmol). 'H NMR (400
MHz, DMSO-d) 8 2.92-3.04 (m, 1 H), 3.12-3.24 (m, 2 H),
3.40-3.53 (m, 2 H), 3.62-3.72 (m, 1 H), 3.86-4.00 (m, 2 H),
4.19-4.28 (m, 1 H), 4.42-4.64 (m, 2 H), 7.31 (s, 4 H), 7.36-
7.43 (m,4H),7.56 (s,3 H),7.72 (d, I=7.83 Hz, 4 H). ESI-MS
m/z [M+H]* cale’d for C, H,;BrCIN,O, 396.01; found
396.1.

Preparation x28: 2-chloro-5-((6-methylpyridin-2-yl1)
methyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]

pteridine
Oj
= N
e N
jive N SN

L

To a 10 mL vial was added 5-((6-bromopyridin-2-yl)me-
thyl)-2-chloro-5,6,6a,7,9,10-hexahydro-[1,4|oxazino[3,4-h]
pteridine (PREPARATION x27, 75 mg, 0.189 mmol), K,CO,
(52.3 mg, 0.378 mmol), PACL,(dpp{) (13.83 mg, 0.019 mmol)
and 2.4,6-trimethyl-1,3,5,2,4,6-trioxatriborinane (0.053 mL,
0.378 mmol) in dioxane (2 mL) and H,O (0.4 mL) to give an
orange suspension. The reaction vial was sealed, heated to
100° C., and stirred overnight. The reaction mixture was then
diluted with ethyl acetate and washed with aqueous saturated
NH,CI (3x10 mL). The combined organic layers were dried

Cl
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over MgSQ.,, filtered, and concentrated in vacuo to give crude
product, which was loaded onto an ISCO® silica gel cartridge
(4 g) and eluted using an ethyl acetatehexane gradient. The
product was collected and concentrated in vacuo to afford the

title compound as a yellow solid (36 mg, 57%). '‘HNMR (400 5

MHz, DMSO-dg) 8 2.45 (s, 3 H), 2.92-3.05 (m, 1 H), 3.12-
3.27 (m, 2 H), 3.40-3.52 (m, 2 H), 3.61-3.74 (m, 1 H), 3.85-
4.00 (m, 2 H), 4.18-4.28 (m, 1 H), 4.35-4.58 (m, 2 H), 7.10-
7.17 (m, 2 H), 7.30 (s, 1 H), 7.60-7.68 (m, 1 H). ESI-MS nv/z
[M+H]* cale’d for C, H, ,CIN;O, 331.12; found 331.2.

Preparation x29: 2-chloro-5-((5-cyclopropyl-1,3,4-
oxadiazol-2-yl)methyl)-5,6,6a,7,9,10-hexahydro-[1,
4Joxazino[3,4-h]pteridine

b

AN

Py

The title compound was prepared in a manner similar to
PREPARATION x9 using 2-chloro-5,6,6a,7,9,10-hexahy-
dro-[1,4]oxazino[3,4-h]pteridine (PREPARATION x2, 75
mg, 0.331 mmol) in DMSO (2 mL) followed by sodium
tert-butoxide (35.0 mg, 0.364 mmol) and 2-(chloromethyl)-
5-cyclopropyl-1,3,4-oxadiazole (68.2 mg, 0.430 mmol). 'H
NMR (400 MHz, DMSO-d,) 8 0.92-1.00 (m, 2 H), 1.07-1.16
(m, 2 H), 2.14-2.25 (m, 1 H), 2.92-3.03 (m, 1 H), 3.03-3.11
(m, 1 H), 3.11-3.20 (m, 1 H), 3.34-3.51 (m, 1 H), 3.53-3.58
(m, 1 H), 3.59-3.72 (m, 1 H), 3.85-4.00 (m, 2 H), 4.20-4.29
(m, 1H),4.53-4.63 (m, 1 H), 4.79-4.88 (m, 1 H), 7.56 (s, 1 H).
ESI-MS nv/z [M+H]* calc’d for C, H,,CIN,O,, 348.11;
found 348.2.

N
>
|

Cl

Preparation x30: 4-(5-bromo-2-chloropyrimidin-4-
yDmorpholine-3-carboxylic acid

O
[ OoH
N
Br. | \N O

Ao

N Cl

5-Bromo-2,4-dichloropyrimidine (28.5 g, 125 mmol) and
morpholine-3-carboxylic acid, HCI (23.06 g, 138 mmol)
were dissolved in EtOH (125 mL) at room temperature. N,N-
diisopropylethylamine (54.5 mL, 313 mmol) was added and
the mixture was stirred for 2 hours. Brine (500 mI) was added
and the pH was adjusted to about 2-3 with 1M HCl(aq). The
resulting precipitate was collected on a fitted glass filter with
vacuum suction. The solid was washed with water (3x) and
then dried in a stream of nitrogen overnight to give the title
compound as a light brown solid that was used without further
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purification (31.4 g, 78%). ESI-MS m/z [M+H]" calc’d for
C,H,BrCIN,O;, 321.95; found 322.1.

Preparation x31: 4-(5-bromo-2-chloropyrimidin-4-
y1)-N-((R)-1-(4-chlorophenyl)ethyl)morpholine-3-
carboxamide

O Cl
[ H
N
N
Br 0 CH;
B

A

N Cl

4-(5-Bromo-2-chloropyrimidin-4-yl)morpholine-3-car-

boxylic acid (PREPARATION x30, 1 g, 3.10 mmol), EDC
(0.892 g, 4.65 mmol), HOBt (0.712 g, 4.65 mmol), (R)-1-(4-
chlorophenyl)ethanamine (0.724 g, 4.65 mmol) and triethy-
lamine (1.296 mL, 9.30 mmol) were dissolved in DMF (15
mL). The resulting brown solution was stirred at room tem-
perature for 18 hours and was subsequently diluted with ethyl
acetate and washed with aqueous saturated NH,Cl (3x25
mL). The combined organic layers were dried over MgSO,,
filtered, and concentrated in vacuo to give a crude product
which was loaded onto an ISCO® silica gel cartridge (40 g)
and eluted using an ethyl acetatehexane gradient. The product
was collected and concentrated in vacuo to afford the title
compound as a yellow foam (574 mg, 40%). "H NMR (400
MHz, DMSO-dy) 8 1.38 (dd, J=7.07, 4.29 Hz, 3 H), 3.55 (d,
J=6.32 Hz, 2 H), 3.68-3.79 (m, 1 H), 3.84-3.91 (m, 1 H),
4.22-4.39 (m, 2 H), 4.86 (m, 1 H), 4.89-5.03 (m, 1 H), 7.31-
7.41 (m, 4 H), 8.45 (d, J=10.61 Hz, 2 H).

Preparation x32: 4-(5-bromo-2-chloropyrimidin-4-
yD-N-((S)-1-(p-tolyl)ethyl)morpholine-3-carboxam-
ide

O
[ H
N
Njﬁ‘/
Br | \N O

A

N Cl

CH;

Onn
i

The title compound was prepared in a manner similar to
PREPARATION x31 using 4-(5-bromo-2-chloropyrimidin-
4-yDmorpholine-3-carboxylic acid (PREPARATION x30, 1
2, 3.10 mmol), EDC (0.892 g, 4.65 mmol), HOBt (0.712 g,
4.65 mmol), triethylamine (1.296 mL, 9.30 mmol) and (S)-
1-p-tolylethanamine (0.629 g, 4.65 mmol) in DMF (15 mL).
'H NMR (400 MHz, DMSO-d) 8 1.37 (dd, J=6.95, 3.66 Hz,
3 H),2.27 (s, 3 H),3.55 (d, J=9.35 Hz, 2 H), 3.66-3.77 (m, 1
H), 3.82-3.92 (m, 1 H), 4.21-4.39 (m, 2 H), 4.83-5.01 (m, 2
H), 7.12 (d, J=7.83 Hz, 2 H), 7.16-7.28 (m, 2 H), 8.45 (d,
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J-10.86 Hz, 2 H). ESI-MS m/z [M+H]" calc’d for
C, JH, BrCIN,0,. 439.05; found 439.2.

Preparation x33: 4-(5-bromo-2-chloropyrimidin-4-
y1)-N-(1-(4-chlorophenyl)cyclopropyl)morpholine-3-
carboxamide

Br (s
|

Ny

A

The title compound was prepared in a manner similar to
PREPARATION x31 using 4-(5-bromo-2-chloropyrimidin-
4-yDmorpholine-3-carboxylic acid (PREPARATION x30,
0.244 g, 0.756 mmol), EDC (0.174 g, 0.908 mmol), HOBt
(0.123 g, 0.908 mmol), N,N-diisopropylethylamine (0.138
ml, 0.794 mmol), and 1-(4-chlorophenyl)cyclopropan-
amine, HCI (0.185 g, 0.908 mmol) in THF (8 mL). ESI-MS
m/z [M+H]* calc’d for C,H;,BrCl,N,0O,, 470.99; found
471.3.

N Cl

Preparation x34: 2-chloro-5-((R)-1-(4-chlorophenyl)
ethyl)-6a,7,9,10-tetrahydro-[ 1,4 ]oxazino|[3,4-h]pteri-
din-6(5H)-one

O
cl Oﬁ)i
N

\O\/N | S N

A

N Cl

Oln

H;

To an oven dried vial were added 4-(5-bromo-2-chloropy-
rimidin-4-y1)-N-((R)-1-(4-chlorophenyl)ethyl)morpholine-
3-carboxamide (PREPARATION x31, 574 mg, 1.247 mmol),
Xantphos (54.1 mg, 0.094 mmol), potassium phosphate triba-
sic (265 mg, 1.247 mmol) and palladium(Il) acetate (14.00
mg, 0.062 mmol) in dioxane (5 mL) and tert-butanol (1 mL).
The reaction mixture was degassed for 5 minutes with N,,.
The vial was then sealed and heated to 105° C. and the
contents were stirred for 72 hours to give a brown suspension.
The reaction mixture was subsequently diluted with ethyl
acetate and washed with aqueous saturated NH,C1 (3x5 mL)
and brine (3x5 mL). The combined organic layers were dried
over MgSO,, filtered, and concentrated in vacuo to give a
crude product which was loaded onto an ISCO® silica gel
cartridge (40 g) and eluted using an ethyl acetatehexane gra-
dient. The product was collected and concentrated in vacuo to
afford the title compound as a white solid (58 mg, 12%). 'H
NMR (400 MHz, DMSO-d,) d 1.68-1.80 (m, 3 H), 2.91-3.02
(m, 1 H), 3.46-3.64 (m, 1 H), 3.64-3.76 (m, 1 H), 3.88-4.01
(m, 1 H), 4.13-4.27 (m, 2 H), 4.41-4.60 (m, 1 H), 5.99-6.24
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(m, 1 H),7.27-7.49 (m, 4 H), 7.50-7.57 (m, 1 H). ESI-MS m/z
[M+H]* calc’d for C,,H, ;C1,N,0O,, 379.07; found 379.3.

Preparation x35: 2-chloro-5-((S)-1-(p-tolyl)ethyl)-
6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-h]pteridin-6
(5H)-one

H;C o)
N
N X N
CH3 | )\

N Cl

To an oven dried vial were added 4-(5-bromo-2-chloropy-
rimidin-4-y1)-N-((S)-1-p-tolylethyl )morpholine-3-carboxa-
mide (PREPARATION x32, 588 mg, 1.337 mmol), potas-
sium phosphate tribasic (284 mg, 1.337 mmol), Xantphos
(58.0 mg, 0.100 mmol) and palladium(II) acetate (15.01 mg,
0.067 mmol) in dioxane (15 mL) and tert-butanol (3 mL). The
reaction mixture was degassed for 5 minutes with N,. The vial
was then sealed and heated to 105° C. and the contents were
stirred for 18 hours to give a brown suspension. The reaction
mixture was subsequently diluted with ethyl acetate and
washed with aqueous saturated NH,Cl (3x5 mL and brine
(3x5 mL). The combined organic layers were dried over
MgSO,, filtered, and concentrated in vacuo. The crude prod-
uct was loaded onto an ISCO® silica gel cartridge (40 g) and
eluted using an ethyl acetatehexane gradient to give two dias-
tereomers whose absolute configuration was not assigned
(Diastereomer 1, higher R ; 97 mg; Diastereomer 2, lower R
91 mg; 39% overall). Diastereomer 1: ' NMR (400 MHz,
DMSO0-d,) 8 1.69(d,J=7.33 Hz,3 H), 2.29(s,3 H), 2.89-3.04
(m, 1 H), 3.46-3.67 (m, 2 H), 3.89-4.01 (m, 1 H), 4.13-4.27
(m, 2 H), 4.50-4.63 (m, 1 H), 6.16-6.30 (m, 1 H), 7.13-7.29
(m, 4 H), 7.29-7.38 (m, 1 H); ESI-MS m/z [M+H]* calc’d for
C,¢H,CIN,O,, 359.12; found 359.3. Diastereomer 2: 'H
NMR (400 MHz, DMSO-d) 8 1.75 (d, J=7.07 Hz, 3 H), 2.28
(s,3H),2.90-3.04 (m, 1 H),3.51-3.62 (m, 1 H),3.64-3.75 (m,
1H),3.89-3.98 (m, 1 H), 4.16-4.26 (m, 2 H), 4.43-4.51 (m, 1
H), 6.06-6.17 (m, 1 H), 7.18 (d, I=2.53 Hz, 4H), 7.47 (s, 1 H);
ESI-MS m/z [M+H]* cale’d for C,4H,,CINO, 359.12;
found 359.3.

Preparation x36: 2-chloro-5-(1-(4-chlorophenyl)

cyclopropyl)-6a,7,9,10-tetrahydro-[1,4]oxazino[3,4-
h]pteridin-6(5H)-one

Cl (6]
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The title compound was prepared in a manner similar to
PREPARATION x35 using 4-(5-bromo-2-chloropyrimidin-
4-y1)-N-(1-(4-chlorophenyl)cyclopropyl)morpholine-3-car-
boxamide (PREPARATION x33, 300 mg, 0.635 mmol), 9,9-
dimethyl-4,5-bis(diphenylphosphino)xanthene (27.6 mg, 3
0.048 mmol), palladium(II) acetate (7.13 mg, 0.032 mmol),
and potassium phosphate, tribasic (189 mg, 0.890 mmol) in
dioxane (2.5 mL) and tert-butanol (0.5 mL). ESI-MS m/z
[M+H]* cale’d for C,oH,,C1,N;0,, 391.07; found 391.0.

Preparation x37: 1-methyl-3-(4-(6-0x0-5,6,62,7,9,
10-hexahydro-[1,4]oxazino|[3,4-h]pteridin-2-yl)phe-

nyl)urea
15
O

O, j

N 20
HN

@

N/ 25

O
)]\ CH3
N N/
H H
30

2-Chloro-6a,7,9,10-tetrahydro-[1,4]oxazino[3,4-h]|pteri-
din-6(5H)-one (PREPARATION x1, 1 g, 4.16 mmol), 1-me-
thyl-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phe-
nylyurea (2.295 g, 831 mmol) and PdCl,(dppf) (0.152 g,
0.208 mmol) were suspended in dioxane (10 mL) and aque-
ous saturated NaHCO; (2 mL) to give a brown solution. The
reaction vessel was sealed and the reaction mixture was
heated to 75° C. for 48 hours. The crude reaction mixture was
diluted with water (20 mL) and the solid was collected by
vacuum filtration. The brown solid was carefully washed with
a 1:4 ethanol/H,O solution (5 mL) and was allowed to dry
under a stream of nitrogen to give the title compound. ESI-
MS m/z [M+H]" cale’d for C,-H,;N,O;, 355.14; found

35

40

355.3.
45
Preparation x38: 2-chloro-5-(4-(methylsulfonyl)ben-
zyl)-6a,7,9,10-tetrahydro-[1,4]oxazino[3,4-h]|pteri-
din-6(5H)-one

50

O

)
\Q\/ N )
N
)\

N Cl 60

2-Chloro-6a,7,9,10-tetrahydro-[1,4]oxazino[3,4-h]|pteri-
din-6(5H)-one (PREPARATION x1, 1.5 g, 6.23 mmol) was
dissolved in DMF (25 mL) to give an orange solution. The
mixture was cooled to 0° C. and lithium bis(trimethylsilyl)
amide (1.04 g, 6.23 mmol), followed by 4-methylsulfonyl-
benzyl bromide (1.71 g, 6.86 mmol), were added. The reac-

65
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tion mixture was stirred at 0° C. for 1 hour and was
subsequently diluted with ethyl acetate and washed with
brine (100 mL) to give a suspension. An orange precipitate
was collected on a fitted glass funnel and was washed with
water (3x20 mL) and dried over night in a stream of nitrogen.
The crude solid was triturated with hot ethyl acetate (2x) to
give the title compound which was used without further puri-
fication (1.78 g, 69.8%). ESI-MS m/z [M+H]* calc’d for

, CirHi7CIN,O,S, 409.07; found 409.3.

Preparation x39: 5-benzyl-2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h]pteridin-6(5H)-one

e
.

N

The title compound was prepared in a manner similar to
PREPARATION x38 using 2-chloro-6a,7,9,10-tetrahydro-
[1,4]oxazino[3,4-h]pteridin-6(5H)-one ~ (PREPARATION
x1, 500 mg, 2.078 mmol), 1M lithium bis(trimethylsiylya-
mide) in hexanes (2.493 mL, 2.493 mmol) and (bromometh-
yDbenzene (0.271 mL, 2.286 mmol) in DMF (10 mL) at 0° C
for 18 hours. 'H NMR (400 MHz, DMSO-d,) § 2.94-3.06 (m,
1H),3.50-3.61 (m, 1 H),3.62-3.72 (m, 1 H), 3.90-3.99 (m, 1
H), 4.17-4.32 (m, 2 H), 4.56-4.67 (m, 1 H), 5.02-5.22 (m, 2
H),7.29 (s, 5H),7.72 (s, 1 H). ESI-MS m/z [M+H]* calc’d for
C,¢H,5sCIN,O,, 331.09; found 331.2.

Cl

Preparation x40: 4-(5-bromo-2-chloropyrimidin-4-
y1)-N-(6-chloro-2,3-dihydro-1H-inden-1-yl)morpho-
line-3-carboxamide

OW%

AN
)\

N

Cl

Cl

The title compound was prepared in a manner similar to
PREPARATION x31 using 4-(5-bromo-2-chloropyrimidin-
4-yDmorpholine-3-carboxylic acid (PREPARATION x30,
750 mg, 2.325 mmol), EDC (669 mg, 3.49 mmol), HOBt (534
mg, 3.49 mmol), 6-chloro-2,3-dihydro-1H-inden-1-amine
hydrochloride (712 mg, 3.49 mmol), and triethylamine
(0.486 mL, 3.49 mmol) in DMF (15 mL). "H NMR (400
MHz, DMSO-dg) 8 1.78-1.95 (m, 1 H), 2.36-2.47 (m, 1 H),
2.70-2.96 (m, 2 H), 3.48-3.80 (m, 3 H), 3.86-3.98 (m, 1 H),
4.21-4.44 (m, 2 H), 4.77-4.93 (m, 1 H), 5.28-5.43 (m, 1 H),
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7.27 (s, 3 H), 8.47 (d, I=7.58 Hz, 2 H). ESI-MS m/z [M+H]*
calc’d for C, H,,Br,CI,N,O,, 470.99; found 471.3.

Preparation x41: 2-chloro-5-(6-chloro-2,3-dihydro-
1H-inden-1-y1)-6a,7,9,10-tetrahydro-[ 1,4 Joxazino[3,
4-h]pteridin-6(5H)-one

cl o
N
N|\N
)\
N

The title compound was prepared in a manner similar to
PREPARATION x35 using 4-(5-bromo-2-chloropyrimidin-
4-y1)-N-(6-chloro-2,3-dihydro-1H-inden-1-yl)morpholine-
3-carboxamide (PREPARATION x40, 567 mg, 1.201 mmol),
Xantphos (52.1 mg, 0.090 mmol), palladium(Il) acetate
(13.48 mg, 0.060 mmol) and potassium phosphate (255 mg,
1.201 mmol) in dioxane (5 mL) and tert-butanol (1 mL). 'H
NMR (400 MHz, DMSO-d,) 3 2.21-2.48 (m, 3 H), 2.87-3.05
(m, 2 H), 3.05-3.21 (m, 1 H), 3.47-3.65 (m, 2 H), 3.88-4.01
(m, 1 H), 4.08-4.32 (m, 2 H), 4.39-4.56 (m, 1 H), 7.16-7.42
(m, 4 H). ESI-MS m/z [M+H]* calc’d for C, H,,C1,N,O,,
391.07; found 391.3.

Preparation x42: 4-(5-bromo-2-chloropyrimidin-4-
y1)-N-(6-methoxy-2,3-dihydro-1H-inden-1-yl)mor-
pholine-3-carboxamide

H;C,
\
o [¢]
[ H
N,
Nj\’(
Br | N N O
A
N Cl

The title compound was prepared in a manner similar to
PREPARATION x31 using 4-(5-bromo-2-chloropyrimidin-
4-yDmorpholine-3-carboxylic acid (PREPARATION x30,
500 mg, 1.550 mmol), EDC (446 mg, 2.325 mmol), HOBt
(356 mg, 2.325 mmol), 6-methoxy-2,3-dihydro-1H-inden-1-
amine hydrochloride (464 mg, 2.325 mmol) and triethy-
lamine (0.324 mL, 2.325 mmol) in DMF (10 mL). "H NMR
(400 MHz, DMSO-d;) 6 1.76-1.94 (m, 1 H), 2.30-2.47 (m, 1
H), 2.62-2.93 (m, 2 H), 3.48-3.65 (m, 2 H), 3.70 (d, J=4.80
Hz, 3 H), 3.87-3.96 (m, 1 H), 4.24-4.43 (m, 2 H), 4.89-5.01
(m, 1 H), 5.26-5.41 (m, 1 H), 6.70-6.82 (m, 2 H), 7.08-7.18
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(m, 1 H), 8.45 (s, 2 H). ESI-MS m/z [M+H]" calc’d for
C,oH,,BrCIN,O;, 467.04; found 467.3.

Preparation x43: 2-chloro-5-(6-methoxy-2,3-dihy-
dro-1H-inden-1-yl)-6a,7,9,10-tetrahydro-[ 1,4 ]ox-
azino[3.,4-h]pteridin-6(5H)-one

/CH3 })i
Q o
N
N \N
2] L

The title compound was prepared in a manner similar to
PREPARATION x35 using 4-(5-bromo-2-chloropyrimidin-
4-y1)-N-(6-methoxy-2,3-dihydro-1H-inden-1-yl)morpho-
line-3-carboxamide (PREPARATION x42, 472 mg, 1.009
mmol), Xantphos (43.8 mg, 0.076 mmol), potassium phos-
phate (214 mg, 1.009 mmol) and palladium(IIl) acetate (11.33
mg, 0.050 mmol) in dioxane (5 mL) and tert-butanol (1 mL).
ESI-MS nv/z [M+H]" calc’d for C,,H,,CIN,O;, 387.11;
found 387.4.

Preparation x44: 5-(4-(methylsulfonyl)benzyl)-2-(1-
tosyl-1H-pyrrolo[2,3-b]pyridin-4-y1)-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h]pteridin-6(5H)-one

0
H3C\S//

/ (6]
O/ \O\/

2-Chloro-5-(4-(methylsulfonyl)benzyl)-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h|pteridin-6(SH)-one  (PREPA-
RATION x38, 250 mg, 0.611 mmol), 4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl1)-1-tosyl-1H-pyrrolo[2,3-b|pyridine
(487 mg, 1.223 mmol), and PdCL,(dppf) (35.8 mg, 0.049
mmol) were suspended in dioxane (2.5 mL) and aqueous
saturated NaHCO; (0.5 mL). The reaction mixture was
heated in a microwave at 100° C. on high absorbance for 1
hour and was subsequently diluted with ethyl acetate and
washed with aqueous saturated NH,Cl (3x2 mL) and brine
(3x2 mL). The combined organic layers were dried over
MgSO,, filtered, and concentrated in vacuo to give a crude
product which was loaded onto an ISCO® silica gel cartridge
(4 g) and eluted using an ethyl acetatehexane gradient. The
product was collected and concentrated in vacuo to afford the
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title compound as a yellow foam (205 mg, 52%). ESI-MS m/z
[M+H]* calc’d for C,;H, NOGS,, 645.15; found 645.5.

Preparation x45: 4-(5-bromo-2-(2-(difluoromethyl)-
1H-benzo|[d]imidazol-1-yl)pyrimidin-4-yl)morpho-
line-3-carboxylic acid

@r

——

A mixture of 4-(5-bromo-2-chloropyrimidin-4-yl)mor-
pholine-3-carboxylic acid (PREPARATION x30, 3 g, 9.3
mmol), 2-(difluoromethyl)-1H-benzo[d]imidazole (1.3 g,
11.1 mmol) and Cs,CO; (10.28 g, 47.4 mmol) in DMA (50
ml.) was stirred at 120° C. overnight. The mixture was sub-
sequently concentrated and the crude material was converted
to the methyl ester of the title compound by treatment with
CH,N,. The methyl ester was purified and then hydrolyzed by
LiOH to give the title compound which was used without
further purification (310 mg, 7.6%).

Preparation x46: 4-(5-bromo-2-chloropyrimidin-4-
y1)-N-((S)-1-phenylethyl)morpholine-3-carboxamide

O
(L
No,
Nj\’( ., p
Ny 0 CH;
)\
N Cl
To a 50 mL round-bottom flask were added 4-(5-bromo-2-

chloropyrimidin-4-yl)morpholine-3-carboxylic acid

(PREPARATION %30, 300 mg, 0.930 mmol), 1-hydroxyben-
zotriazole (126 mg, 0.930 mmol), and (S)-1-phenyletha-
namine (118 pul, 0.930 mmol) in 1,4-dioxane (9.3 mL) to give
a green solution. 1-Ethyl-(3-dimethylaminopropyl)carbodi-
imide hydrochloride (178 mg, 0.930 mmol) was added to the
solution, which was allowed to react at room temperature for
6 hours. The mixture was subsequently partitioned between
aqueous saturated NaHCO; and ethyl acetate. The aqueous
layer was extracted with ethyl acetate and the combined
organic layers were dried over MgSQ,, filtered, and concen-
trated to give the title compound, which was used without
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further purification. ESI-MS m/z [M+H]*
C,,1,BrCIN,O,, 425.03; found 425.2.

calc’d for

Preparation x47: (S)-2-chloro-5-(1-phenylethyl)-6a,
7,9,10-tetrahydro-[ 1,4]oxazino|3,4-h|pteridin-6(5H)-
one

[0)
N
N Ny
CH;j | )\
N Cl

To a 5 mL. microwave vial were added 4-(5-bromo-2-chlo-
ropyrimidin-4-y1)-N-((S)-1-phenylethyl)morpholine-3-car-
boxamide (PREPARATION x46, 0.394 g, 0.926 mmol), 9,9-
dimethyl-4,5-bis(diphenylphosphino)xanthene (0.024 g,
0.042 mmol), and palladium(Il) acetate (6.23 mg, 0.028
mmol). The vessel was evacuated, refilled with nitrogen, and
sealed. Dioxane (3.9 mL) was added and the mixture was
heated in a microwave to 120° C. for 3 hours. Additional
catalyst was added and the reaction mixture was heated in the
microwave to 120° C. for another 6 hours. The reaction mix-
ture was then partitioned between aqueous saturated
NaHCO; and ethyl acetate. The aqueous layer was extracted
with ethyl acetate and the combined organic layers were dried
over MgSO,, filtered, and concentrated. The dark brown
crude product was purified by normal phase column chroma-
tography (SiO,, 60 gram) eluting with a gradient of 50-100%
EtOAc in hexanes over a 20 minute period. The product-
containing fractions were combined and concentrated to give
the title compound as a white foam (69 mg, 22%). ESI-MS
m/z [M+H]" cale’d for C, - H, ,CIN,O,, 345.10; found 345.3.

Preparation x48: 4-(5-bromo-2-chloropyrimidin-4-
y1)-N-((S)-2,3-dihydro-1H-inden-1-yl)morpholine-3-
carboxamide

/
N Cl

To a 50 mL pear flask were added 4-(5-bromo-2-chloropy-
rimidin-4-yl)morpholine-3-carboxylic acid (PREPARA-
TION x30, 300 mg, 0.930 mmol), 1-hydroxybenzotriazole
(126 mg, 0.930 mmol), and (S)-2,3-dihydro-1H-inden-1-
amine (0.119 mL, 0.930 mmol) in 1,4-dioxane (25 mL) to
give a green solution. 1-Ethyl-(3-dimethylaminopropyl)car-
bodiimide hydrochloride (178 mg, 0.930 mmol) was added to
the solution, which was allowed to reaction at room tempera-
ture for 6 hours. The reaction mixture was subsequently par-
titioned between aqueous saturated NaHCO; and ethyl
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acetate. The aqueous layer was extracted with ethyl acetate
and the combined organic layers were dried over MgSO,,
filtered, and concentrated to give the title compound, which
was used without further purification. ESI-MS m/z [M+H]*
calc’d for C,H, BrCIN,O,, 437.03; found 437.2.

Preparation x49: (S)-2-chloro-5-(2,3-dihydro-1H-
inden-1-yl)-6a,7,9,10-tetrahydro-[ 1,4|oxazino[3,4-h]
pteridin-6(5H)-one

O

L
N

N\ﬁ\N

b LA
N

To a 5 ml. microwave vial were added 4-(5-bromo-2-chlo-

ropyrimidin-4-y1)-N-((S)-2,3-dihydro-1H-inden-1-yl)mor-
pholine-3-carboxamide (PREPARATION x48, 407 mg, 0.93
mmol), 9,9-dimethyl-4,5-bis(diphenylphosphino)xanthene
(26.9 mg, 0.047 mmol), palladium(II) acetate (6.26 mg, 0.028
mmol), and potassium phosphate, tribasic (276 mg, 1.302
mmol). The vessel was evacuated, refilled with nitrogen, and
sealed. Dioxane (3.9 mL) and tert-butanol (0.78 mL) were
added and the mixture was heated in a microwave to 120° C.
for 90 minutes. An additional portion of catalyst was added,
and the reaction mixture was heated in the microwave to 120°
C. for another 6 hours. The reaction mixture was subse-
quently partitioned between aqueous saturated NaHCO; and
ethyl acetate. The aqueous layer was extracted with ethyl
acetate, and the combined organic layers were dried over
MgSO,, filtered, and concentrated. The dark brown crude
product was purified by normal phase column chromatogra-
phy (SiO,, 60 g) eluting with a gradient of 50-100% EtOAc in
hexanes over 20 minutes. The product-containing fractions
were combined and concentrated to give the title compound
as a white foam (88 mg, 26.5%). ESI-MS m/z [M+H]* calc’d

for C,,H,,CIN,O,, 357.10; found 357.3.

Cl

Preparation x50: 4-(5-bromo-2-chloropyrimidin-4-
yD)-N-((S)-1-(4-chlorophenyl)ethyl)morpholine-3-
carboxamide

e}
[ H
N
Njﬁ‘/
Br | \N O

A

N Cl

Cl

Ol
&

To a 50 mL round-bottom flask were added (R)-4-(5-
bromo-2-chloropyrimidin-4-yl)morpholine-3-carboxylic
acid (460 mg, 1.426 mmol), 1-hydroxybenzotriazole (193
mg, 1.426 mmol), and 1-ethyl-(3-dimethylaminopropyl)car-
bodiimide hydrochloride (328 mg, 1.711 mmol) in THF (10
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mL) to give a beige solution. After 5 minutes (S)-1-(4-chlo-
rophenyl)ethylamine (0.220 mL, 1.569 mmol) was added to
the solution, which was allowed to react at room temperature
for 1.5 hours. The reaction mixture was subsequently parti-
tioned between brine and ethyl acetate. The aqueous layer
was extracted with ethyl acetate and the combined organic
layers were dried over MgSO,, filtered, and concentrated.
The residue was purified by normal phase column chroma-
tography (20-50% EtOAc gradient in hexanes over 20 min-
utes) to give a diastereomeric mixture of the title compound
as a white foam (474 mg, 72.2%). 'H NMR (400 MHz,
DMSO-d,) 8 1.35-1.42 (m, 3H),3.50-3.63 (m, 2H), 3.69-3.79
(m, 1H), 3.83-3.93 (m, 1H), 4.23-4.39 (m, 2H), 4.85-4.89 (m,
1H), 4.90-5.03 (m, 1H), 7.33-7.41 (m, 4H), 8.44-8.48 (m,
1H), 8.48-8.57 (m, 1H). ESI-MS m/z [M+H]* calc’d for
C,,H,,BrCI,N,O,, 458.99; found 459.3.

Preparation x51: 2-chloro-5-((S)-1-(4-chlorophenyl)
ethyl)-6a,7,9,10-tetrahydro-[ 1,4]oxazino| 3,4-h|pteri-
din-6(5H)-one

(0)
Cl (©)
N
N Ny
CH;j | )\

To a 20 mL microwave vial were added 9,9-dimethyl-4,5-
bis(diphenylphosphino)xanthene (42.9 mg, 0.074 mmol),
palladium(II) acetate (11.10 mg, 0.049 mmol), and potassium
phosphate, tribasic (294 mg, 1.384 mmol). The vessel was
evacuated and refilled with nitrogen. In a separate, nitrogen-
filled flask was dissolved 4-(5-bromo-2-chloropyrimidin-4-
y1)-N-((S)-1-(4-chlorophenyl)ethyl)morpholine-3-carboxa-
mide (PREPARATION x50, 455 mg, 0.989 mmol) in dioxane
(6 mL). The contents of the flask were transferred into the
microwave vial via a syringe. Next, tert-Butanol (1.2 m[.) was
added to the microwave vial. The mixture was stirred for 15
minutes while bubbling nitrogen through it and was then
heated in a microwave to 130° C. for 4 hours. The reaction
was stopped even though HPLC showed it was about half
done. The reaction mixture was then partitioned between
brine and ethyl acetate. The aqueous layer was extracted with
ethyl acetate and the combined organic layers were dried over
MgSO,, filtered, and concentrated. The dark brown crude
product was purified by normal phase column chromatogra-
phy (SiO,, 60 g) eluting with a 20-75% EtOAc gradient in
hexanes over a 20 minute period. The product-containing
fractions were combined and concentrated to give a TFA salt
of the title compound as a white solid (single diastercomer,
100 mg, 26.7%). Another spot with a higher R -appeared to be
the other diastereomer, because of its nearly identical reten-
tion time and MW on the HPLC/MS. 'H NMR (400 MHz,
DMSO-d,) 8 1.78 (d, I=7.1 Hz, 3H), 2.88-3.04 (m, 1H), 3.58
(s, 1H), 3.70 (s, 1H), 3.90-4.00 (m, 1H), 4.21 (d, J=3.3 Hz,
2H), 4.47 (d, J=6.8 Hz, 1H), 6.02-6.11 (m, 1H), 7.31-7.37 (m,
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6H), 7.40-7.45 (m, 7H), 7.54 (s, 3H). ESI-MS m/z [M+H]"
calc’d for C, H, ,C1,N,0,, 379.07; found 379.3.

Preparation x52: (S)-5-((S)-1-(4-chlorophenyl)
ethyl)-2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-6(5H)-one

o¥

xy
)\

N Cl

Cl

Onn
i

To a 50 mL round-bottom flask were added (S)-4-(5-
bromo-2-chloropyrimidin-4-yl)morpholine-3-carboxylic
acid (560 mg, 1.736 mmol), 1-hydroxybenzotriazole (235
mg, 1.736 mmol), and 1-ethyl-(3-dimethylaminopropyl)car-
bodiimide hydrochloride (399 mg, 2.083 mmol) in THF (10
ml) at 0° C. to give a beige solution. After 5 minutes, (S)-1-
(4-chlorophenyl)ethylamine (0.268 mL, 1.910 mmol) was
added to the solution, which was allowed to react at 0° C. for
2 hours. The reaction mixture was subsequently partitioned
between brine and ethyl acetate. The aqueous layer was
extracted with ethyl acetate and the combined organic layers
were dried over MgSO,, filtered, and concentrated. The resi-
due was purified by normal phase column chromatography
(20-50% EtOAc gradient in hexanes for 20 minutes) to give
the title compound as a white foam (701 mg, 88%). ESI-MS
m/z [M+H]* calc’d for C,,H;,BrCl,N,O,, 458.99; found
459.3.

Preparation x53: 4-(5-bromo-2-(2-methyl-1H-imida-
70l-1-yl)pyrimidin-4-yl)morpholine-3-carboxylic
acid

oy

A mixture of 4-(5-bromo-2-chloropyrimidin-4-yl)mor-
pholine-3-carboxylic acid (PREPARATION x30, 1 g, 3.12
mmol), 2-methyl-1H-imidazole (0.54 g, 6.55 mmol) and
Cs,CO; (4 g, 12 mmol) in DMA (20 mL) was stirred at 120°
C. for 2 days. Water was added and the mixture was concen-
trated, resulting in precipitation of solids. The solids were
collected to give an HCI salt of the title compound as an
off-white solid (0.47 g, 45%). "H NMR (400 MHz, CD,0D)
8 2.95 (s, 3H), 3.96-3.61 (m, 4H), 4.42-4.38 (m, 2H), 5.17-
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5.15 (m, 1H), 7.50 (d, J=2.0 Hz, 1H), 8.14 (d, ]=2.0 Hz, 1H),
8.59 (s, 1H). ESI-MS m/z [M+H]" calc’d for C, ;H, ,BrN.O;,
368; found, 368.

Preparation x54: 4-(5-bromo-2-chloropyrimidin-4-
yD)-N-(tetrahydro-2H-pyran-4-yl)morpholine-3-car-
boxamide

OW@

/
N Cl

To a 200 mL round-bottom flask were added 4-(5-bromo-
2-chloropyrimidin-4-yl)morpholine-3-carboxylic acid
(PREPARATION x30, 2.5 g, 7.75 mmol) and 1-hydroxyben-
zotriazole (1.257 g, 9.30 mmol) in tetrahydrofuran (30 mL) to
give a beige suspension. To this suspension were added
1-ethyl-(3-dimethylaminopropyl)carbodiimide hydrochlo-
ride (1.783 g, 9.30 mmol) and tetrahydro-2H-pyran-4-amine
(0.802 mL, 7.75 mmol). After 1 hour at 0° C., HPLC showed
the reaction was almost complete. The reaction mixture was
subsequently partitioned between brine and ethyl acetate. The
aqueous layer was extracted with ethyl acetate and the com-
bined organic layers were dried over MgSQO,, filtered, and
concentrated. The residue was purified by normal phase col-
umn chromatography (~50 gsilica, 35-100% EtOAc gradient
in hexanes) to give the title compound as a white foam (1.8 g,
57.2%).

Preparation x55: 2-chloro-5-(tetrahydro-2H-pyran-4-
y1)-6a,7,9,10-tetrahydro-[1,4]oxazino[3,4-h|pteridin-
6(5H)-one

(6]
N
N X N
: LA
N
To a 5 mL. microwave vial were added 4-(5-bromo-2-chlo-
ropyrimidin-4-yl)-N-(tetrahydro-2H-pyran-4-yl)morpho-
line-3-carboxamide (PREPARATION x54, 320 mg, 0.789
mmol), 9,9-dimethyl-4,5-bis(diphenylphosphino)xanthene
(34.2 mg, 0.059 mmol), palladium(II) acetate (8.85 mg, 0.039
mmol), and potassium phosphate, tribasic (234 mg, 1.104
mmol). The vessel was sealed, evacuated, and refilled with
nitrogen. To the vessel were added dioxane (2 mL) and tert-
butanol (0.500 mL.), and the mixture was heated in a micro-
wave to 120° C. for 6 hours. The reaction mixture was sub-
sequently partitioned between saturated brine and ethyl

acetate. The aqueous layer was extracted with ethyl acetate
and the combined organic layers were dried over MgSO,,

Cl
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filtered, and concentrated. The crude product was purified by
normal phase column chromatography (SiO,, 50-100%
EtOAc gradient in hexanes over 20 minutes) to give the title
compound (195 mg, 76%).

Preparation x56: (R)-methyl 4-bromo-2-((2-chloro-

6a,7,9,10-tetrahydro-| 1,4]oxazino[3,4-h|pteridin-5
(6H)-yD)methyl)benzoate

B ~°
@
N | N N
O (|) N)\Cl

CH;

(R)-2-chloro-5,6,6a,7,9,10-hexahydro-[ 1,4 Joxazino[3,4-
hipteridine (200 mg, 0.882 mmol) (PREPARATION x2, 200
mg, 0.882 mmol) was dissolved in DMSO (5 mL). Sodium
tert-butoxide (102 mg, 1.059 mmol) was then added to give a
brown solution. After 5 minutes, methyl 4-bromo-2-(bro-
momethyl)benzoate (299 mg, 0.971 mmol) was added drop-
wise. The reaction was stirred overnight at room temperature,
then quenched with aqueous saturated NH,Cl. The reaction
mixture was diluted with ethyl acetate and washed with aque-
ous saturated NH,CI (3x25 mL). The combined organic lay-
ers were dried over MgSO,, filtered, and concentrated in
vacuo. The crude product was loaded onto an ISCO® silica
gel cartridge (12 g) and eluted using an ethyl acetatehexane
gradient. The product was collected and concentrated in
vacuo to afford the title compound as a white foam (164 mg,
41%). ESI-MS m/z [M+H]" calc’d for C,gH,BrCIN,O;,
453.04; found 453.2.

Preparation x57: (R)-methyl 2-((2-chloro-6a,7,9,10-

tetrahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-y1)
methyl)-4-methylbenzoate

cr, e
o
N | x N
O (|) N)\Cl

CH;

(R)-methyl 4-bromo-2-((2-chloro-6a,7,9,10-tetrahydro-
[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)methyl)benzoate
(PREPARATION x56, 164 mg, 0.361 mmol), K,CO; (100
mg, 0.723 mmol), PdCl,(dppf) (13.22 mg, 0.018 mmol) and
2,4,6-trimethyl-1,3,5,2 4 6-trioxatriborinane  (0.060 mlL,
0.434 mmol) were dissolved in dioxane (2 mL) and water (0.4
ml) to give an orange suspension. The reaction mixture was
heated to 100° C. and allowed to stir overnight, then quenched
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with aqueous saturated NH,CI. The reaction mixture was
diluted with ethyl acetate and washed with aqueous saturated
NH,CI (3%x15 mL). The combined organic layers were dried
over MgSO,, filtered, and concentrated in vacuo. The crude
product was then loaded onto an ISCO® silica gel cartridge
(12 g) and eluted using an ethyl acetatehexane gradient. The
product was collected and concentrated in vacuo to afford the
title compound as a white foam (102 mg, 73%). ESI-MS m/z
[M+H]* cale’d for C,H,,CIN,O;, 389.14; found 389.2.

Preparation x58: (R)-4-(2-chloro-6a,7,9,10-tetrahy-
dro-[1,4]oxazino| 3,4-h]pteridin-5(6H)-yl)-2-meth-
ylbutan-2-ol

cte
HOX\/

CH;

The title compound was prepared in a manner similar to
PREPARATION x5 wusing (R)-2-chloro-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine (PREPARATION
x2, 300 mg, 1.324 mmol) in DMSO (7 mL), sodium tert-
butoxide (153 mg, 1.588 mmol) and 4-bromo-2-methylbu-
tan-2-ol (243 mg, 1.456 mmol) (306 mg, 74%). ESI-MS m/z
[M+H]* calc’d for C,,H,,CIN,O,, 313.14; found 313.2.

Preparation x59: (R)-2-(2-chloro-6a,7,9,10-tetrahy-
dro-[1,4]oxazino|3,4-h]pteridin-5(6H)-yl)ethanol

=/o
)
N
HO/\/ XN

W
N/ cl

The title compound was prepared in a manner similar to
PREPARATION x5 wusing (R)-2-chloro-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine (PREPARATION
x2, 100 mg, 0.441 mmol) in DMSO (7 mL), sodium tert-
butoxide (51 mg, 0.529 mmol) and bromoethyl acetate (81
mg, 0.485 mmol) (79 mg, 66%). ESI-MS m/z [M+H]* calc’d
for C,,H,CIN,O,, 271.09; found 271.1.

Preparation x60: (R)-2-chloro-5-((1-methyl-1H-
pyrazol-4-yl)methyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]
oxazino[3,4-h]pteridine

_/O

N (\
/Ss N
N,
H3C/ \j\/
— N
| \N
)\

N Cl
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The title compound was prepared in a manner similar to
PREPARATION x5 wusing (R)-2-chloro-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine (PREPARATION
x2, 300 mg, 1.324 mmol) in DMSO (6 mL), sodium tert-
butoxide (153 mg, 1.588 mmol) and 4-(chloromethyl)-1-me-
thyl-1H-pyrazole (190 mg, 1.456 mmol) (113 mg, 26%).
ESI-MS m/z [M+H]* cale’d for C,,H,,CIN;O, 321.12;
found 321.2.

Preparation x61: (R)-2-chloro-5-(oxazol-5-ylm-
ethyl)-5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h]
pteridine

The title compound was prepared in a manner similar to
PREPARATION x5 wusing (R)-2-chloro-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine (PREPARATION
x2, 351 mg, 1.547 mmol) in DMSO (10 mL), sodium tert-
butoxide (178 mg, 1.856 mmol) and 5-(chloromethyl)ox-
azole (200 mg, 1.702 mmol) (171 mg, 36%). ESI-MS m/z
[M+H]* calc’d for C,;H, ,CINO,, 308.09; found 308.1.

Preparation x62: (R)-2-chloro-5-((3-ethylisoxazol-5-
yDmethyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[ 3,
4-h|pteridine

CH; /oj
N
N\/ |
o N Xy

LA
N/ cl

The title compound was prepared in a manner similar to
PREPARATION x5 wusing (R)-2-chloro-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine (PREPARATION
x2, 100 mg, 0.441 mmol) in DMSO (5§ mL), sodium tert-
butoxide (50.9 mg, 0.529 mmol) and 5-(chloromethyl)-3-
ethylisoxazole (70.7 mg, 0.485 mmol) (120 mg, 81%). ESI-
MS m/z [M+H]" calc’d for C,sH,CIN,O,, 336.12; found
336.3.

Preparation x63: (R)-4-(2-chloro-6a,7,9,10-tetrahy-
dro-[1,4]oxazino|3,4-h]pteridin-5(6H)-yl)cyclohex-
anol

(\N
/O/N | Ny
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HO N Cl
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To (R)-2-chloro-5,6,6a,7,9,10-hexahydro-| 1,4]oxazino|[3,
4-h]pteridine (PREPARATION x2, 250 mg, 1.103 mmol) and
4-hydroxycyclohexanone (126 mg, 1.103 mmol) in CH,Cl,
(8 mL) was added titanium(IV) chloride in CH,Cl, (1M,
2.427 mL, 2.427 mmol) dropwise to give an orange suspen-
sion. The reaction mixture was stirred at ambient temperature
for 4 hours and then cooled to 0° C. Sodium triacetoxyhy-
droborate (514 mg, 2.427 mmol) was added in two portions.
The reaction mixture was stirred for 1 hour and then quenched
with aqueous saturated NH,C1 (1 mL). The reaction mixture
was diluted with ethyl acetate and washed with aqueous satu-
rated NH,CI (3x10 mL). The combined organic layers were
dried over MgSO,, filtered, and concentrated in vacuo. The
crude product was then loaded onto an ISCO® silica gel
cartridge (12 g) and eluted using an ethyl acetatehexane gra-
dient. The product was collected and concentrated in vacuo to
afford the title compound as a colorless foam (30 mg, 8%).
ESI-MS nv/z [M+H]* calc’d for C, H,,CIN,O,, 325.14;
found 325.2.

Preparation x64: (R)-2-chloro-5-(tetrahydro-2H-
pyran-4-y1)-5,6,6a,7,9,10-hexahydro-| 1,4]oxazino| 3,
4-h|pteridine

O

&
N \N
% | /k
N Cl

The title compound was prepared in a manner similar to
PREPARATION x63 wusing (R)-2-chloro-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine (PREPARATION
x2, 250 mg, 1.103 mmol), dihydro-2H-pyran-4-(3H)-one
(110 mg, 1.103 mmol), titanium(I'V) chloride in CH,Cl, (1M,
2.427 ml,, 2.427 mmol) and sodium triacetoxyhydroborate
(514 mg, 2.427 mmol) in CH,Cl, (8 mL) (10 mg, 3%). ESI-
MS m/z [M+H]" calc’d for C,,H,,CIN,O,, 311.13; found
311.2.

Preparation x65: (R)-tert-butyl 4-(2-(1H-indol-4-y1)-
6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-h]pteridin-5
(6H)-y1)-1H-indole-1-carboxylate

_/O

H,C — (\N
%/o
H;C N, N
H;C ?/ | Xy —
P NH
N

The title compound was prepared in a manner similar to
EXAMPLE 181 using (R)-2-(1-(tert-butyldimethylsilyl)-
1H-indol-4-y1)-5,6,6a,7,9,10-hexahydro-| 1,4]oxazino| 3,4-
hipteridine (PREPARATION x12, 60 mg, 0.142 mmol),
cesium carbonate (93 mg, 0.285 mmol), palladium(II) acetate
(1.59 mg, 0.007 mmol), dicyclohexyl(2',4',6'-triisopropylbi-
phenyl-2-yl)phosphine (10.2 mg, 0.021 mmol), and tert-butyl
4-bromo-1H-indole-1-carboxylate (126 mg, 0.427 mmol) in
dioxane 2 mL (8 mg, 12%). ESI-MS m/z [M+H]* calc’d for
C30H50NgO5, 523.24; found 523.3.
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Preparation x66: (R)-5-(2-(1,3-dioxolan-2-yl)ethyl)-
2-chloro-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-
hlpteridine

The title compound was prepared in a manner similar to
PREPARATION x5 wusing (R)-2-chloro-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine (PREPARATION
x2, 250 mg, 1.103 mmol) in DMSO (7 mL), sodium tert-
butoxide (127 mg, 1.324 mmol), and 2-(2-bromoethyl)-1,3-
dioxolane (220 mg, 1.213 mmol) (200 mg, 56%). ESI-MS
m/z [M+H]"* cale’d for C, ,H, ,CIN,O;, 327.12; found 327.2.

Preparation x67: (R)-methyl 4-(2-chloro-6a,7,9,10-
tetrahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-y1)
butanoate

The title compound was prepared in a manner similar to
PREPARATION x63 wusing (R)-2-chloro-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine (PREPARATION
x2, 250 mg, 1.103 mmol), methyl 4-oxobutanoate (128 mg,
1.103 mmol), titanium(IV) chloride in CH,Cl, (1M, 1.654
ml, 1.654 mmol) and sodium triacetoxyhydroborate (514
mg, 2.427 mmol) in CH,Cl, (8 mL) (164 mg, 46%). ESI-MS
m/z [M+H]"* cale’d for C, ,H, ,CIN,O;, 327.12; found 327.2.

Preparation x68: benzyl ((1R,4r)-4-(((R)-2-chloro-
6a,7,9,10-tetrahydro-| 1,4]oxazino[3,4-h|pteridin-5
(6H)-yDmethyl)cyclohexyl)carbamate
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The title compound was prepared in a manner similar to
PREPARATION x63 wusing (R)-2-chloro-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine (PREPARATION
x2, 250 mg, 1.103 mmol), benzyl (1r,4r)-4-formylcyclohexy-
Icarbamate (288 mg, 1.103 mmol), titanium(IV) chloride in
CH,CIL, (1M, 1.654 mL, 1.654 mmol) and sodium triacetoxy-
hydroborate (514 mg, 2.427 mmol) in CH,Cl, (8 mL) (320
mg, 62%). ESI-MS m/z [M+H]* calc’d for C, ,H,,CIN,O,,
472.21; found 472.4.

Preparation x69: benzyl ((1R,4r)-4-(((R)-2-(1H-in-
dol-4-y1)-6a,7,9,10-tetrahydro-[1,4|oxazino[3,4-h]
pteridin-5(6H)-y)methyl)cyclohexyl)carbamate

The title compound was prepared in a manner similar to
Example 2 using benzyl (1R,4r)-4-(((R)-2-chloro-6a,7,9,10-
tetrahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)methyl)cy-
clohexyl)carbamate (PREPARATION x68, 320 mg, 0.678
mmol), 1H-indol-4-ylboronic acid (218 mg, 1.356 mmol) and
PdCl,(dpp?) (24.8 mg, 0.034 mmol) in dioxane (5 mL) and
aqueous saturated NaHCO; (1 mL) (291 mg, 78%). ESI-MS
n/z [M+H]* cale’d for C,,H;,NO;, 553.29; found 553.5.

Preparation x70: (R)-2-(2-chloro-6a,7,9,10-tetrahy-
dro-[1,4]oxazino|3,4-h]pteridin-5(6H)-y1)-N-(pyri-
din-4-yl)acetamide

/O

i O
N | x N
)\
N Cl
The title compound was prepared in a manner similar to
PREPARATION x26 using (R)-2-(2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-ylacetic ~ acid
(PREPARATION %25, 50 mg, 0.176 mmol), HATU (87 mg,
0.228 mmol), 4-aminopyridine (25 mg, 0.263 mmol) and
triethylamine (0.073 mL, 0.527 mmol) in DMF (2 mL). ESI-

MS m/z [M+H]* cale’d for C, H,,CINO,, 361.12; found
361.2.
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Preparation x71: (R)-2-(2-chloro-6a,7,9,10-tetrahy-
dro-[1,4]oxazino|3,4-h]pteridin-5(6H)-y1)-N-(2-
methoxyethyl)acetamide

Jv

e

)\

The title compound was prepared in a manner similar to
PREPARATION x26 using (R)-2-(2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h|pteridin-5(6H)-yl)acetic ~ acid
(PREPARATION %25, 50 mg, 0.176 mmol), HATU (87 mg,
0.228 mmol), 2-methoxyethylamine (20 mg, 0.263 mmol)
and triethylamine (0.073 mL, 0.527 mmol) in DMF (2 mL).
ESI-MS nv/z [M+H]* calc’d for C,,H,,CIN;O;, 342.13;
found 342.2.

Preparation x72: (R)-2-(2-chloro-6a,7,9,10-tetrahy-
dro-[1,4]oxazino|3,4-h]pteridin-5(6H)-yl)-N-(tet-
rahydro-2H-pyran-4-yl)acetamide

o}

98

The title compound was prepared in a manner similar to
PREPARATION x26 using (R)-2-(2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h|pteridin-5(6H)-yl)acetic ~ acid
(PREPARATION %25, 50 mg, 0.176 mmol), HATU (87 mg,
0.228 mmol), 4-aminotetrahydrofuran (27 mg, 0.263 mmol)
and triethylamine (0.073 mL, 0.527 mmol) in DMF (2 mL).
ESI-MS mv/z [M+H]* calc’d for C,4H,,CIN;O;, 368.15;
found 368.3.

Jv

Preparation x73: (R)-2-(2-chloro-6a,7,9,10-tetrahy-
dro-[1,4]oxazino|3,4-h]pteridin-5(6H)-y1)-N-(1-me-
thyl-1H-pyrazol-4-yl)acetamide
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The title compound was prepared in a manner similar to
PREPARATION x26 using (R)-2-(2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-ylacetic ~ acid
(PREPARATION %25, 50 mg, 0.176 mmol), HATU (87 mg,
0.228 mmol), 1-methyl-1H-pyrazol-4-amine (26 mg, 0.263
mmol) and triethylamine (0.073 mL, 0.527 mmol) in DMF (2
mL). ESI-MS nvz [M+H]" calc’d for C, H,CIN.O,,
364.13; found 364.2.

Preparation x74: (R)-2-(2-chloro-6a,7,9,10-tetrahy-
dro-[1,4]oxazino| 3,4-h]pteridin-5(6H)-yl)-N-cyclo-
propylacetamide

AJV
A

The title compound was prepared in a manner similar to
PREPARATION x26 using (R)-2-(2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-ylacetic ~ acid
(PREPARATION %25, 50 mg, 0.176 mmol), HATU (87 mg,
0.228 mmol), cyclopropylamine (15 mg, 0.263 mmol) and
triethylamine (0.073 mL, 0.527 mmol) in DMF (2 mL). ESI-
MS m/z [M+H]" calc’d for C,,H, CIN,O,, 324.12; found
324.2.

Preparation x75: (R)-2-(2-chloro-6a,7,9,10-tetrahy-
dro-[1,4]oxazino| 3,4-h]pteridin-5(6H)-y1)-N-(2-cy-
anopropan-2-yl)acetamide

LA
LA

The title compound was prepared in a manner similar to
PREPARATION x26 using (R)-2-(2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-ylacetic ~ acid
(PREPARATION %25, 50 mg, 0.176 mmol), HATU (87 mg,
0.228 mmol), 2-amino-2-methylpropionitrile (22 mg, 0.263
mmol) and triethylamine (0.073 mL, 0.527 mmol) in DMF (2
mL). ESI-MS nvz [M+H]" calc’d for C, H,,CIN,O,,
351.13; found 351.2.

Preparation x76: 2-((R)-2-chloro-6a,7,9,10-tetrahy-
dro-[1,4]oxazino|3,4-h]pteridin-5(6H)-yl)-N-(tet-
rahydrofuran-3-yl)acetamide

/

@L
A



US 9,045,496 B2

69

The title compound was prepared in a manner similar to
PREPARATION x26 using (R)-2-(2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h|pteridin-5(6H)-yl)acetic ~ acid
(PREPARATION %25, 50 mg, 0.176 mmol), HATU (87 mg,
0.228 mmol), tetrahydro-furan-3-ylamine (23 mg, 0.263
mmol) and triethylamine (0.073 mL, 0.527 mmol) in DMF (2
mL). ESI-MS nvz [M+H]" calc’d for C, H,,CIN,O;,
354.13; found 354.2.

Preparation x77: tert-butyl (1-((R)-2-chloro-6a,7,9,
10-tetrahydro-[ 1,4 ]oxazino|[3,4-h]pteridin-5(6H)-y1)-
4,4-dimethylpentan-3-yl)carbamate

CH;

H3C\{/CH3
OYO

(\N
HN N
| 3
P
H;C CH; N cl
CH;

The title compound was prepared in a manner similar to
PREPARATION x63 wusing (R)-2-chloro-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine (PREPARATION
x2, 115 mg, 0.507 mmol), tert-butyl 4,4-dimethyl-1-oxopen-
tan-3-ylcarbamate (116 mg, 0.507 mmol), titanium(IV) chlo-
ride in CH,Cl, (1M, 0.761 mL, 0.761 mmol) and sodium
triacetoxyhydroborate (237 mg, 1.116 mmol) in CH,Cl, (5
mL) (53 mg, 24%). ESI-MS m/z [M+H]* calc’d for
C,,H;,CIN,O,, 440.24; found 440.4.

/O

Preparation x78: tert-butyl (1-((R)-2-(1H-indol-4-
yD)-6a,7,9,10-tetrahydro-[1,4]oxazino[3,4-h|pteridin-
5(6H)-yl)-4,4-dimethylpentan-3-yl)carbamate

CH;
H;C CH; o
o o ;
\]/ (\ N
HN N
| Xy —
NH
P
H,C CH, N
CH;

The title compound was prepared in a manner similar to
Example 2 using tert-butyl (1-((R)-2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)-4,4-dimeth-
ylpentan-3-yl)carbamate (PREPARATION x77, 53 mg,
0.120 mmol), 1H-indol-4-ylboronic acid (38.8 mg, 0.241
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mmol) and PdCl,(dppt) (4.41 mg, 0.006 mmol) in dioxane (2
mL) and aqueous saturated NaHCO, (0.4 mL) (19 mg, 30%).
ESI-MS m/z [M+H]* cale’d for C,oH,NO;, 521.32; found
521.5.

Preparation x79: (R)-2-(2-chloro-6a,7,9,10-tetrahy-
dro-[1,4]oxazino|[3,4-h]pteridin-5(6H)-yl)-N-methyl-
N-((tetrahydro-2H-pyran-4-yl)methyl)acetamide

0 (\N
N
)\
N c

Sodium hydride (60% in oil) (12.57 mg, 0.314 mmol) was
added to a suspension of (R)-2-(2-chloro-6a,7,9,10-tetrahy-
dro-[1,4]oxazino| 3,4-h]pteridin-5(6H)-yl)-N-((tetrahydro-
2H-pyran-4-yl)methyl)acetamide (PREPARATION x26, 100
mg, 0.262 mmol) in DMF (1 mL) at 0° C. The resultant
mixture was stirred at room temperature for 30 minutes.
Methyl iodide (0.021 mL., 0.340 mmol) was added to the
reaction mixture at room temperature, and the resultant mix-
ture was stirred at room temperature for 15 minutes. After
addition of EtOAc, the resultant mixture was washed with
water and brine, dried over Na,SO,, filtered and concentrated
in vacuo. The residue was washed with EtOAc to afford the
title compound as a white solid (73 mg, 70.4%). '"H NMR
(400 MHz, DMSO-d,) & ppm 1.04-1.38 (m, 2 H), 1.48 (d,
J=11.12 Hz, 2 H), 1.75-1.99 (m, 1 H), 2.80-3.01 (m, 4 H),
3.09-3.31 (m, 7 H), 3.40-3.64 (m, 2 H), 3.79-4.06 (m, 5 H),
4.17-4.27 (m, 1 H), 4.34-4.44 (m, 1 H), 7.12-7.29 (m, 1 H),
ESI-MS mv/z [M+H]* calc’d for C, H,CIN.O,, 396.18;
found 396.3.

O

CH;

Preparation x80: (S)-tert-butyl 2-(2-chloro-6a,7,9,10-
tetrahydro-[1,4]oxazino|3,4-h]pteridin-5(6H)-yl)
acetate

b

SN

A

Potassium tert-butoxide in tert-BuOH (1M, 2.65 mL, 2.65
mmol) was added to a solution of (S)-2-chloro-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine (PREPARATION
x4, 500 mg, 2.206 mmol) in DMF (5 mL) at 0° C. The
resultant mixture was stirred at room temperature for 30
minutes. tert-Butyl 2-bromoacetate (0.421 mL, 2.87 mmol)
was added to the reaction mixture at 0° C. The resultant
mixture was stirred at room temperature for 1 hour. After
addition of water, the resultant mixture was extracted with
EtOAc. The extract was washed with brine, dried over

CH; 0
H;C

N
H;C 0 |

N Cl
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Na,SO,, filtered, and concentrated in vacuo. The residue was
purified via flash column chromatography (gradient 20-80%
EtOAc/hexane) to afford the title compound as an off-white
solid (415 mg, 55.2%). "H NMR (400 MHz, CDCl,) 8 ppm
1.46 (5,9 H),3.00-3.10 (m, 1 H), 3.15-3.28 (m, 2 H), 3.37 (dd,
J=11.37, 8.84 Hz, 1 H), 3.52-3.62 (m, 1 H), 3.64-3.75 (m, 2
H), 3.86-4.06 (m, 3 H), 4.52 (dd, J=13.77,1.89 Hz, 1 H), 7.22
(s, 1 H); ESI-MS nmv/z [M+H]* cale’d for C, H,,CIN,O;,
341.14; found 341.2.

Preparation x81: (R)-5-(2-chloro-6a,7,9,10-tetrahy-
dro-[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)-2-methyl-
pentan-2-yl acetate

ILC  ClL K\ N
N
M~ |N
)\ x )\
0 CH, N cl

(R)-2-Chloro-5,6,6a,7,9,10-hexahydro-[ 1,4 ]oxazino| 3,4-
hipteridine (PREPARATION x3, 200 mg, 0.882 mmol) and
2-methyl-5-oxopentan-2-yl acetate (55.8 mg, 0.353 mmol)
were combined in a 25 ml pear flask to give an orange
suspension. Titanium(IV) chloride in DCM (1M, 0.971 mL,
0.971 mmol) was added at room temperature to give a deep-
red suspension, which was stirred at room temperature for 1
hour before being cooled to 0° C. Sodium triacetoxyborohy-
dride (281 mg, 1.324 mmol) was added at 0° C. in portions.
The thick suspension slowly turned into a thinner, orange one
with gas evolution. UPLC showed the reaction proceeded
more than half-way after about 20 minutes. The reaction
mixture was carefully quenched with brine, and was parti-
tioned between saturated NaHCO, and ethyl acetate. The
aqueous layer was extracted a second time with ethyl acetate.
The combined organic layers were dried over MgSO,, fil-
tered, and concentrated to give the title compound, which was
used without further purification. ESI-MS m/z [M+H]* calc’d
for C,,H,CIN,O;, 369.17; found 396.2.

Preparation x82: (R)-5-(2-(1H-indol-4-y1)-6a,7,9,10-
tetrahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-y1)-2-
methylpentan-2-yl acetate

H,C CH

P

: oy
N | Xy B
)\ /k&m[
0 CH; N

To a 2 mL. microwave vial were added (R)-5-(2-chloro-6a,
7,9,10-tetrahydro-[ 1,4]oxazino| 3,4-h]pteridin-5(6H)-y1)-2-
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methylpentan-2-yl acetate (PREPARATION x81, 148 mg,
0.401 mmol), indole-4-boronic acid (64.6 mg, 0.401 mmol)
and [1,1'-bis(diphenylphosphino)ferrocene]-dichloropalla-
dium(II) (16.50 mg, 0.020 mmol). The vial was evacuated and
filled with nitrogen. After sealing the vial, dioxane (1600 puL.)
and saturated NaHCO; (400 ul.) were added. The mixture
was then heated in a microwave to 120° C. for 45 minutes.
After the mixture was cooled to room temperature, ACN (4
ml.) was added and the mixture was filtered by syringe filter.
The crude product was purified by preparatory HPL.C using a
gradient 0f20-40% CH;CN (with 0.035% TFA) in H,O (with
0.05% TFA). The collected fractions were pooled, neutral-
ized with NaHCOj;, concentrated, and extracted with EtOAc.
The combined organics were dried over MgSO,, filtered, and
concentrated to give the title compound (48 mg, 27%). ESI-
MS m/z [M+H]" calc’d for C,sH;;NsO;, 450.25; found
450.3.

Preparation x83: 2-((2-chloro-6a,7,9,10-tetrahydro-
[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)methyl)-4-
methylbenzonitrile

O

o, j
|
e
Il | N)\Cl
|

Step A: 4-bromo-2-((2-chloro-6a,7,9,10-tetrahydro-
[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)methyl)ben-
Zonitrile

O
Br j
N
N | Ny
| | N)\Cl
N

To a 10 mL vial charged with 2-chloro-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine (PREPARATION
x2, 100 mg, 0.441 mmol) in DMSO (2.5 mL) was added
sodium tert-butoxide (50.9 mg, 0.529 mmol). The resulting
orange solution was stirred for 5 minutes, after which
5-bromo-2-(bromomethyl)benzonitrile (133 mg, 0.485
mmol) was added. The reaction mixture was stirred overnight
at room temperature, then diluted with EtOAc, and washed
with saturated aq NH,C1 (3x). The combined organic layers
were dried over MgSO,,, filtered, and concentrated. The prod-
uct was purified by flash chromatography (SiO,, 12 gcolumn,
2:8 EtOAc/Hexane to 100% EtOAc gradient) to give the title
compound as a brown foam (105 mg, 57%). 'H NMR (400
MHz, DMSO-d,) d ppm 2.93-3.09 (m, 2 H), 3.15 (s, 3 H),
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3.32 (s, 4 H), 3.40-3.53 (m, 3 H), 3.62-3.76 (m, 3 H), 3.81-
3.91 (m, 3 H), 3.91-4.07 (m, 5 H), 4.22-4.32 (m, 3 H), 4.43-
4.67 (m, 6 H),7.34 (s,3 H), 7.46 (d, ]=8.34 Hz, 3 H), 7.87 (dd,
J=8.34,2.02 Hz, 3 H), 8.18 (d, J=2.02 Hz, 3 H); ESI-MS nv/z
[M+H]* calc’d for C,,H, ;BrCINO, 420.0; found 420.1.

Step B: 2-((2-chloro-6a,7,9,10-tetrahydro-[1,4]ox-
azino|3,4-h|pteridin-5(6H)-yl)methyl)-4-methylben-
Zonitrile

To a 20 mL vial were added 4-bromo-2-((2-chloro-6a,7.9,
10-tetrahydro-[1,4]oxazino|3,4-h]pteridin-5(6H)-yl)methyl)
benzonitrile (105 mg, 0.250 mmol), potassium carbonate
(69.0 mg, 0.499 mmol), PACL,(dppf) (18.26 mg, 0.025
mmol), and 2,4,6-trimethyl-1,3,5,2,4,6-trioxatriborinane
(0.042 mL,, 0.300 mmol) in dioxane (2 mL) and water (0.4
mL). The resulting brown suspension was stirred overnight at
100° C. The reaction mixture was subsequently diluted with
EtOAc and washed with saturated NH,C1 (3x). The combined
organic layers were dried over MgSO,, filtered, and concen-
trated. The product was purified by flash chromatography
(810, 4 g column, 2:8 to 8:2 EtOAc/Hexane gradient) to give
the title compound as a tan solid (52 mg, 59%). 'HNMR (400
MHz, DMSO-d,) d ppm 2.33 (s, 3 H), 2.92-3.08 (m, 3 H),
3.10-3.20 (m, 2 H), 3.24-3.32 (m, 2 H), 3.40-3.52 (m, 2 H),
3.62-3.75 (m, 2 H), 3.81-3.90 (m, 2 H), 3.91-4.00 (m, 2 H),
4.21-431 (m, 2 H), 4.41-4.63 (m, 3 H), 7.30-7.38 (m, 2 H),
7.38-7.55 (m, 3 H), 7.67-7.73 (m, 1 H); ESI-MS m/z [M+H]*
cale’d for C, H,;CIN,O, 356.1; found 356.1.

Preparation x84: 2-((2-chloro-6a,7,9,10-tetrahydro-
[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)methyl)-4-
methylbenzamide

e}

CH; j
N
NTQN
LN 0 N)\Cl

To a 20 mL round-bottomed flask charged with 2-((2-
chloro-6a,7,9,10-tetrahydro-[1,4]oxazino[3,4-h|pteridin-5
(6H)-yl)methyl)-4-methylbenzonitrile (PREPARATION
x83, 52 mg, 0.146 mmol) was added sulfuric acid (1.6 mL,,
29.2 mmol). The resulting yellow solution was stirred over-
night at room temperature and was subsequently diluted with
EtOAc and washed with saturated NaHCOj; to adjust the pH
to ~8. The combined organic layers were dried over MgSO,,,
filtered, and concentrated to give an orange solid, which was
used without further purification. 'H NMR (400 MHz,
DMSO-dy) 8 ppm 2.88-3.02 (m, 5 H), 3.09-3.18 (m, 3 H),
3.19-3.28 (m, 2 H), 3.41-3.51 (m, 3 H), 3.59-3.71 (m, 2 H),
3.80-3.91 (m, 3 H), 3.91-4.00 (m, 2 H), 4.19-4.29 (m, 3 H),
4.30-4.58 (m, 2 H), 7.16-7.29 (m, 10 H), 7.37-7.45 (m, 2 H),
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7.73-782 (m, 2 H); ESI-MS m/z [M+H]" calc’d for
C,sH,,CINO,, 374.1; found 374.2.

Preparation x85: (6aR)-2-chloro-5-(1-(5-isobutyl-1,
3,4-oxadiazol-2-yl)ethyl)-5,6,6a,7,9,10-hexahydro-
[1,4]oxazino[3,4-h]pteridine

;G

HsC ) 0 (\N
N N
DL
CH3 )\
N

A TFA salt of'the title compound was prepared in a manner
similar to PREPARATION x56 using (R)-2-chloro-5,6,6a,7,
9,10-hexahydro-[1,4Joxazino[3,4-h]|pteridine (PREPARA-
TION x2, 200 mg, 0.882 mmol) in DMSO (7 mL), sodium
tert-butoxide (110 mg, 1.147 mmol) and 2-(1-chloroethyl)-
5-ethyl-1,3,42-(1-chloroethyl)-5-isobutyl-1,3.4-oxadiazole
(200 mg, 1.059 mmol) (260 mg, 78%). 'H NMR (400 MHz,
DMSO-d,) 8 ppm 0.91 (td, J=6.57, 1.52 Hz, 6 H), 1.48-1.62
(m, 3 H), 1.95-2.07 (m, 1 H), 2.56-2.65 (m, 1 H), 2.72 (s, 2 H),
2.89-3.06 (m, 2 H), 3.06-3.19 (m, 1 H), 3.35-3.56 (m, 2 H),
3.56-3.69 (m, 1 H), 3.81-3.99 (m, 1 H), 4.22-4.33 (m, 1 H),
5.34-5.47 (m, 1 H), 7.63-7.77 (m, 1 H); ESI-MS m/z [M+H]*
cale’d for C,,H,;CIN,O,, 379.16; found 379.3.

Cl

Example 1

5-(5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino| 3,4-h]|pteri-
din-2-yl)pyrimidin-2-amine

N
HN | Ny
N Ny
PN
N NH,

A mixture of 2-chloro-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino[3,4-h]pteridine (PREPARATION x2, 308 mg, 1.359
mmol), 2-aminopyrimidin-5-ylboronic acid (378 mg, 2.72
mmol) and PdCL,(dppf) (49.7 mg, 0.068 mmol) was partially
dissolved in dioxane (8 mL) and aqueous saturated NaHCO,
(1.6 mL). The resulting brown suspension was heated in a
microwave on high absorbance at 120° C. for 2 hours. The
reaction mixture was subsequently diluted with ethyl acetate
and washed with brine (3x15 mL). The combined organic
layers were dried over MgSO,, filtered, and concentrated in
vacuo. The product was purified by LC/MS using a gradient
of 1-20% CH,CN (with 0.035% TFA) in H,O (with 0.05%
TFA). The pure fractions were combined and lyophilized to
afford a TFA salt of the title compound as an off-white solid
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(85.3mg,22%). "H NMR (400 MHz, ACETONITRILE-d,)
3.01 (dd, I=11.87, 8.34 Hz, 1 H), 3.15-3.24 (m, 1 H), 3.25-
333 (m, 1 H), 3.41 (dd, J=11.87, 4.29 Hz, 1 H), 3.57 (d,
J=2.78 Hz, 1 H), 3.77-3.86 (m, 1 H), 3.93-3.99 (m, 1 H),
4.00-4.07 (m, 1 H), 4.82-4.90 (m, 1 H), 6.23-6.36 (br s, 1 H),
7.56 (s, 1 H), 8.99 (s, 2H). ESI-MS m/z [M+H]* calc’d for
C,53H, 5N, 0, 286.13; found 286.3.

Example 2

2-(1H-indol-4-y1)-5,6,6a,7,9,10-hexahydro-[1,4]
oxazino[3,4-h]pteridine

NH

A mixture of 2-chloro-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino|3,4-h|pteridine (PREPARATION x2, 308 mg, 1.359
mmol), 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-
indole (330 mg, 1.359 mmol) and PdCl,(dppf) (49.7 mg,
0.068 mmol) were partially dissolved in dioxane (8 ml.) and
aqueous saturated NaHCO; (1.6 mL). The resulting brown
suspension was heated in a microwave on high absorbance at
120° C. for 2 hours. The reaction mixture was subsequently
diluted with ethyl acetate and washed with brine (3x15 mL).
The combined organic layers were dried over MgSO,, fil-
tered, and concentrated in vacuo. The product was purified by
LC/MS using a gradient of 20-35% CH,CN (with 0.035%
TFA) in H,O (with 0.05% TFA). The pure fractions were
combined and lyophilized to give a TFA salt of the title
compound as an off-white solid (52.6 mg, 12.6%). "H NMR
(400 MHz, DMSO-d,) 8 3.04 (dd, J=11.87, 8.34 Hz, 1 H),
3.28(t,J=11.12 Hz, 2 H), 3.44-3.67 (m, 2 H), 3.78-3.91 (m, 1
H), 3.97-4.16 (m, 2 H), 4.72 (d, J=12.13 Hz, 1 H), 6.66-6.82
(brs, 1H),6.99 (d,J=2.02Hz, 1 H), 7.29 (, ]=7.71 Hz, 1 H),
7.49-7.74 (m, 4 H), 11.58 (br s, 1 H). ESI-MS m/z [M+H]*
cale’d for C,,H,,N;O, 308.14; found 308.3.

Example 3

5-(cyclopropylmethyl)-2-(1H-indol-4-y1)-5,6,6a,7.9,
10-hexahydro-[1,4]oxazino[3,4-h]pteridine

NH
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A mixture of 2-chloro-5-(cyclopropylmethyl)-5,6,6a,7.9,
10-hexahydro-[1,4]oxazino[3,4-h]pteridine =~ (PREPARA-
TION x5, 100 mg, 0.356 mmol), 4-(4,4,5,5-tetramethyl-1,3,
2-dioxaborolan-2-yl)-1H-indole (173 mg, 0.712 mmol) and
PdCl,(dppf) (13.03 mg, 0.018 mmol) were partially dissolved
in dioxane (2 mL) and aqueous saturated NaHCO; (0.4 mL.).
The resulting tan suspension was heated to 100° C. and stirred
for 18 hours. The reaction mixture was subsequently diluted
with ethyl acetate and washed with aqueous saturated
NaHCO; (2x10 mL) and brine (2x10 mL). The combined
organic layers were dried over MgSO,, filtered, and concen-
trated in vacuo. The product was purified by LC/MS using a
gradient 0f20-40% CH;CN (with 0.035% TFA) in H,O (with
0.05% TFA). The pure fractions were combined and lyo-
philized to give a TFA salt of the title compound as a yellow
solid (47 mg, 37%). 'H NMR (400 MHz, DMSO-d,) 8 0.22-
0.63 (m, 4 H), 1.01-1.13 (m, 1 H), 2.9-3.24 (m, 4 H), 3.52-
3.61 (m, 3 H), 3.84-3.97 (m, 1 H), 4.00-4.17 (m, 2 H), 4.66-
4.80 (m, 1 H), 6.96-7.06 (m, 1 H), 7.21-7.36 (m, 1 H), 7.64 (d,
J=1.77 Hz, 4 H), 11.27-11.66 (m, 1 H). ESI-MS m/z [M+H]*
cale’d for C,, H,5N50, 362.19; found 362 4.

Example 4

5-(5-(4-(methylsulfonyl)benzyl)-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)pyrimi-
din-2-amine

o
0 Nj
NﬁN

| P |

To a solution of 5-(5,6,6a,7,9,10-hexahydro-[1,4]oxazino
[3,4-h]pteridin-2-yl)pyrimidin-2-amine (EXAMPLE 1, 70.2
mg, 0.246 mmol) in DMSO (1.2 mL) was added sodium
tert-butoxide (28.4 mg, 0.295 mmol). The resulting mixture
was stirred at room temperature for 5 minutes after which
1-(bromomethyl)-4-(methylsulfonyl)benzene (0.5 mL, 0.271
mmol) was added dropwise. The resulting brown solution
was stirred at room temperature for 2 hours. The reaction
mixture was quenched with aqueous saturated NH,CI,
diluted with ethyl acetate, and washed with aqueous saturated
NH,CI (3x10 mL). The combined organic layers were dried
over MgSQO.,, filtered, and concentrated in vacuo. The product
was purified by LC/MS and the pure fractions were combined
and lyophilized to give a yellow solid (4.6 mg, 4%). The
product’s regiochemistry was confirmed by 2D NOESY. 'H
NMR (400 MHz, DMSO-dy) § 3.16-3.25 (m, 7 H), 3.44-3.46
(m, 1 H), 3.53-3.57 (m, 1 H), 3.80-3.97 (m, 1 H), 3.98-4.03
(m, 1 H), 4.65 (s, 2 H), 4.76-4.80 (d, 1 H), 7.37 (s, 1 H), 7.42
(brs, 2 H), 7.61-7.63 (d, J=8.0 Hz, 2 H) 7.91-7.93 (d, J=8.0
Hz, 2 H), 9.00 (s, 2 H). ESI-MS m/z [M+H]* calc’d for
C,,H,5N,0,8, 454.16; found 454.4.

SN
PN

N NH,
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Example 5

5-(2-chloro-4-(methylsulfonyl)benzyl)-2-(1H-indol-
4-y1)-5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h]

pteridine
O
(0]
H:C_ S//
V4 N
(6]
B AN -
o | P NH
N

A mixture of 2-chloro-5-(2-chloro-4-(methylsulfonyl)
benzyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]pteri-
dine (PREPARATION x6, 143 mg, 0.333 mmol), 4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (162 mg,
0.666 mmol) and PdCl,(dppf) (12.19 mg, 0.017 mmol) were
partially dissolved in dioxane (1.4 mL) and aqueous saturated
NaHCO; (0.3 mL). The resulting tan suspension was heated
in a microwave on high absorbance at 100° C. for 2 hours. The
reaction mixture was subsequently diluted with ethyl acetate
and washed with aqueous saturated NH,C1 (3x15 mL). The
combined organic layers were dried over MgSQO,, filtered,
and concentrated in vacuo. The product was purified by
LC/MS using a gradient of 20-45% CH,CN (with 0.035%
TFA) in H,O (with 0.05% TFA). The pure fractions were
combined and lyophilized to give a TFA salt of the title
compound as a pale yellow solid (31 mg, 18%). 'HNMR (400
MHz, DMSO-d) 8 3.61-3.67 (m, 8 H), 3.95-4.04 (m, 2 H),
4.08-4.18 (m, 1 H), 4.62-4.84 (m, 3 H), 6.99-7.06 (m, 1 H),
7.27 (s, 1 H), 7.46-7.75 (m, 5 H), 7.86 (d, J=1.77 Hz, 1 H),
8.08 (d, J=1.77 Hz, 1 H), 11.33-11.73 (m, 1 H). ESI-MS nv/z
[M+H]* cale’d for C,sH,,CIN;O;8S, 510.13; found 510.4.

Example 6
1-(4-(5-(2-chloro-4-(methylsulfonyl)benzyl)-5,6,6a,

7,9,10-hexahydro-[1,4]oxazino|3.4-h]pteridin-2-yl)
phenyl)-3-methylurea

0
mew 4
3\/8 cl
N\ﬁ\N
| Z
N 0
J\ CH
N N7
H H

The title compound was prepared in a manner similar to
EXAMPLE 5 using 2-chloro-5-(2-chloro-4-(methylsulfonyl)
benzyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]pteri-
dine (PREPARATION x6, 175 mg, 0.408 mmol), (1-methyl-
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3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)
urea (225 mg, 0.815 mmol) and PdCl,(dppf) (14.91 mg,
0.020 mmol) in dioxane (5 ml) and aqueous saturated
NaHCO, (1 mL). "H NMR (400 MHz, DMSO-dy) 8 2.61-
2.71 (m, 3 H), 3.28-3.31 (m, 2 H), 3.53-3.66 (m, 1 H), 3.87-
4.02 (m, 2 H), 4.03-4.15 (m, 1 H), 4.59-4.79 (m, 2 H), 4.79-
491 (m, 1 H), 6.14-6.25 (m, 1 H), 7.32-7.38 (m, 1 H), 7.53-
7.62 (m, 2 H), 7.63-7.71 (m, 1 H), 7.81-7.90 (m, 1 H), 7.99-
8.12 (m, 3 H), 8.91-9.05 (m, 1 H). ESI-MS m/z [M+H]*
cale’d for C,5H,,CIN,O,S, 543.15; found 543.5.

Example 7

5-(5-(2-chloro-4-(methylsulfonyl)benzyl)-5,6,6a,7,9,
10-hexahydro-[1,4]oxazin|3,4-h]pteridin-2-yl)pyri-
midin-2-amine

The title compound was prepared in a manner similar to
EXAMPLE 5 using 2-chloro-5-(2-chloro-4-(methylsulfonyl)
benzyl)-5,6,6a,7,9,10-hexahydro-[ 1,4|oxazino[3,4-h]pteri-
dine (PREPARATION x6, 175 mg, 0.408 mmol), 2-aminopy-
rimidin-5-ylboronic acid (113 mg, 0.815 mmol), and PdCl,
(dppD) (23.86 mg, 0.033 mmol) in dioxane (2.3 mL) and
aqueous saturated NaHCO, (0.5 mL). "H NMR (400 MHz,
DMSO0-d,)83.203.35(m, 7H),3.774.12 (m, 4 H), 4.59-4.89
(m, 3 H), 7.32-7.56 (m, 3 H), 7.64 (d, J=8.08 Hz, 1 H), 7.85
(dd, J=8.08, 1.77 Hz, 1 H), 8.06 (d, J=1.52 Hz, 1 H), 8.96 (s,
2H). ESI-MS nvz [M+H]" cale’d for C,,H,,CIN,O;S,
488.12; found 488.4.

Example 8

2-(6-methoxy-1H-indol-3-y1)-5,6,6a,7,9,10-hexahy-
dro-[1,4]oxazino| 3,4-h]pteridine

N CH;

NH
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Step A: tert-butyl 3-(5,6,6a,7,9,10-hexahydro-[1,4]
oxazino[3,4-h]pteridin-2-y1)-6-methoxy-1H-indole-
1-carboxylate

The title compound was prepared in a manner similar to
EXAMPLE 1 using 2-chloro-5,6,6a,7,9,10-hexahydro-[1,4]
oxazino[3,4-h]pteridine (PREPARATION x2, 50 mg, 0.221
mmol), tert-butyl 6-methoxy-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-indole-1-carboxylate (124 mg, 0.331
mmol) and PdCl,(dppf) (12.91 mg, 0.018 mmol) in dioxane
(1.9 mL) and aqueous saturated NaHCO; (0.4 mL.).

Step B: 2-(6-methoxy-1H-indol-3-yl)-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h|pteridine

A solution of tert-Butyl 3-(5,6,6a,7,9,10-hexahydro-[1,4]
oxazino[3,4-h]pteridin-2-y1)-6-methoxy-1H-indole-1-car-
boxylate (97 mg, 0.222 mmol) and CH,C1,TFA (1:1, 3 mL)
was stirred at room temperature for 30 minutes. The reaction
mixture was subsequently concentrated in vacuo and the
crude product was purified by LC/MS using a gradient of
20-30% CH;CN (with 0.035% TFA) in H,O (with 0.05%
TFA). The pure fractions were combined and lyophilized to
give a TFA salt of the title compound as a pale yellow solid
(26 mg, 35%). '"H NMR (400 MHz, DMSO-d,) 8 2.92-3.03
(m, 1H),3.33-3.35 (m, 3 H), 3.55-3.68 (m, 1 H), 3.80 (s, 3 H),
3.82-3.88 (m, 1 H), 3.94-4.18 (m, 2 H), 4.70-4.81 (m, 1 H),
6.33-6.46 (brs, 1 H), 6.82-6.93 (m, 1 H), 6.97-7.08 (m, 1 H),
7.36-7.50 (m, 1 H), 8.07-8.22 (m, 2 H), 11.77-11.94 (m, 1 H).
ESI-MS m/z [M+H]* cale’d for C,H,;,NsO,S, 338.15;
found 338.4.

Example 9

2-(7-methoxy-1H-indol-3-y1)-5,6,6a,7,9,10-hexahy-
dro-[1,4]oxazino| 3,4-h]pteridine

NH 0

Step A: tert-butyl 3-(5,6,6a,7,9,10-hexahydro-[1,4]
oxazino[3,4-h]pteridin-2-y1)-7-methoxy-1H-indole-
1-carboxylate

The title compound was prepared in a manner similar to
EXAMPLE 1 using 2-chloro-5,6,6a,7,9,10-hexahydro-[1,4]
oxazino[3,4-h]pteridine (PREPARATION x2, 50 mg, 0.221
mmol), tert-butyl 6-methoxy-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-indole-1-carboxylate (124 mg, 0.331
mmol) and PdCL,(dppf) (12.91 mg, 0.018 mmol) in dioxane
(1.9 mL) and aqueous saturated NaHCO, (0.4 mL).

Step B: 2-(7-methoxy-1H-indol-3-y1)-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h|pteridine

A TFA salt of the title compound was prepared in a manner
similar to EXAMPLE 8 using tert-butyl 3-(5,6,6a,7,9,10-

10

15

20

35

40

45

50

55

60

65

80

hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)-7-methoxy-
1H-indole-1-carboxylate (60 mg, 0.137 mmol) in CH,Cl,
and TFA. "H NMR (400 MHz, DMSO-d,) 8 2.92-3.05 (im, 1
H), 3.27-3.30 (m, 1 H), 3.53-3.66 (m, 1 H), 3.76-3.90 (m, 1
H), 3.91-3.98 (m, 5 H), 3.97-4.06 (m, 1 H), 4.08-4.18 (m, 1
H), 4.68-4.84 (m, 1 H), 6.33-6.45 (br s, 1 H), 6.79-6.87 (m, 1
H), 7.09-7.20 (m, 1 H), 7.38-7.46 (m, 1 H), 7.80-7.89 (m, 1
H), 8.15-8.23 (m, 1 H), 12.18-12.29 (m, 1 H). ESI-MS m/z
[M+H]* cale’d for C,H,;(NsO,S, 338.15; found 338.4.

Example 10

2-(1H-benzo[d]imidazol-4-y1)-5,6,6a,7,9,10-hexahy-
dro-[1,4]oxazino| 3,4-h]pteridine

Oj
N
N
Xy N=\
| P NI
N

The title compound was prepared in a manner similar to
EXAMPLE 1 using 2-chloro-5,6,6a,7,9,10-hexahydro-[1,4]
oxazino[3,4-h]pteridine (PREPARATION x2, 50 mg, 0.221
mmol), 1H-benzo[d]imidazol-4-ylboronic acid (71.5 mg,
0.441 mmol) and PdCl,(dppf) (12.91 mg, 0.018 mmol) in
dioxane (2 mL) and aqueous saturated NaHCO, (0.4 mL). 'H
NMR (400 MHz, DMSO-d) 6 3.03 (dd, J=11.87,8.59 Hz, 1
H), 3.33-3.75 (m, 5 H), 3.98 (m, 2 H), 4.74-4.84 (m, 1 H),
6.49-7.07 (br s, 1 H), 7.54 (t, J=7.83 Hz, 1 H), 7.79-7.91 (m,
2 H), 8.25-8.33 (m, 1 H), 8.98 (s, 1 H), 12.18-12.29 (m, 1 H).
ESI-MS m/z [M+H]" calc’d for C, ;H; [NO, 309.14; found
309.3.

Example 11

2-(7-chloro-1H-indol-3-y1)-5,6,6a,7,9,10-hexahydro-
[1,4]oxazino[3,4-h]pteridine

NH Cl

Step A: tert-butyl 7-chloro-3-(5,6,6a,7,9,10-hexahy-
dro-[1,4]oxazino|3,4-h]pteridin-2-y1)-1H-indole-1-
carboxylate

The title compound was prepared in a manner similar to
EXAMPLE 1 using 2-chloro-5,6,6a,7,9,10-hexahydro-[1,4]
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oxazino[3,4-h]pteridine (PREPARATION x2, 50 mg, 0.221
mmol), tert-butyl 7-chloro-3-(4,4,5,5-tetramethyl-1,3,2-di-
oxaborolan-2-yl)-1H-indole-1-carboxylate (125 mg, 0.331
mmol) and PdCl,(dppf) (12.91 mg, 0.018 mmol) in dioxane
(2 mL) and aqueous saturated NaHCO; (0.4 mL.).

Step B: 2-(7-chloro-1H-indol-3-y1)-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h|pteridine

A mixture of tert-butyl 7-chloro-3-(5,6,6a,7,9,10-hexahy-
dro-[1,4]oxazino|[3,4-h]pteridin-2-y1)-1H-indole-1-carboxy-
late and CH,C1, TFA (1:1) was heated to 50° C. and stirred for
2 hours. The reaction mixture was subsequently concentrated
in vacuo and the crude product purified by LC/MS using a
gradient 0£30-40% CH;CN (with 0.035% TFA) in H,O (with
0.05% TFA). The pure fractions were combined and lyo-
philized to give a TFA salt of the title compound as a tan solid
(20 mg, 27%). 'H NMR (400 MHz, DMSO-dy) 8 2.98-3.01
(m, 2 H), 3.56-3.58 (m, 3 H), 3.72-4.25 (m, 3 H), 4.65-4.92
(m, 1 H), 6.34-6.58 (brs, 1 H), 7.12-7.59 (m, 3 H), 8.12-8.52
(m, 2 H), 12.27-12.56 (m, 1 H). ESI-MS m/z [M+H]" calc’d
for C, H, CIN,O, 342.10; found 342.3.

Example 12

4-(5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino|3,4-h|pteri-
din-2-y1)-1H-indol-2-ol

Oj
N
OH
HN
| N —
= NH
N

The title compound was prepared in a manner similar to
EXAMPLE 1 using 2-chloro-5,6,6a,7,9,10-hexahydro-[1,4]
oxazino[3,4-h]pteridine (PREPARATION x2, 50 mg, 0.221
mmol), 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-
indol-2-0l (30 mg, 0.116 mmol), and PdCL,(dppt) (12.91 mg,
0.018 mmol) in dioxane (2 ml) and aqueous saturated
NaHCO, (0.4 mL). "H NMR (400 MHz, DMSO-dy) 8 2.95-
3.03 (m, 2 H), 3.20-3.30 (m, 3 H), 3.77-3.83 (m, 2 H), 3.88-
3.95 (m, 1 H), 4.00-4.08 (m, 1 H), 4.36-4.45 (m, 1 H), 6.01-
6.15 (m, 1 H), 6.78-6.85 (m, 1 H), 7.18-7.26 (m, 1 H), 7.62-
7.68 (m, 1 H), 7.74-7.80 (m, 1 H), 10.23-10.52 (m, 1 H),
12.27-12.56 (m, 1 H). ESI-MS m/z [M+H]" calc’d for
C,,H,,N,O,, 323.14; found 324.3.

Example 13

2-(4-((2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4]
oxazino[3,4-h]pteridin-5(6H)-yl)methyl)phenyl)pro-

pan-2-o0l
(@)
CH;
HO
H;C N
N
| AN -
= NH

10

15

20

25

30

40

45

82

The title compound was prepared in a manner similar to
EXAMPLE 2 using 2-(4-((2-chloro-6a,7,9,10-tetrahydro-[1,
4loxazino[3,4-h]pteridin-5(6H)-yl)methyl)phenyl)propan-
2-ol (PREPARATION x8, 39 mg, 0.104 mmol), 4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (50.6 mg,
0.208 mmol), and PdCl,(dpp1) (6.09 mg, 8.32 umol) in diox-
ane (8 mL) and aqueous saturated NaHCO, (2 mL). 'H NMR
(400 MHz, DMSO-d,) 8 1.42 (s, 6 H), 3.18 (m, 4 H), 3.58-
3.66 (m, 1 H),3.94-4.04 (m, 2 H), 4.08-4.15 (m, 1 H), 4.56 (s,
2 H),4.70-4.79 (m, 1 H), 6.99-7.05 (m, 1 H), 7.23-7.37 (m, 3
H), 7.45-7.51 (m, 3 H), 7.58 (s, 1 H), 7.60-7.69 (m, 2 H),
11.45-11.63 (m, 1 H). ESI-MS m/z [M+H]* calc’d for
C,,H,,N,0,, 456.23; found 456.5.

Example 14

2-(2-methoxypyridin-4-y1)-5,6,6a,7,9,10-hexahydro-
[1,4]oxazino[3,4-h]pteridine

| CH;

/N

The title compound was prepared in a manner similar to
EXAMPLE 1 using 2-methoxypyridin-4-ylboronic acid (270
mg, 1.765 mmol), 2-chloro-5,6,6a,7,9,10-hexahydro-[1,4]
oxazino[3,4-h]pteridine (PREPARATION x2, 200 mg, 0.882
mmol), and PACL,(dppf) (51.7 mg, 0.071 mmol) in dioxane (5
mL) and aqueous saturated NaHCO, (1 mL). "H NMR (400
MHz, DMSO-d,) 6 3.01-3.23 (m, 7 H), 3.89 (m, 3 H), 3.92-
3.97 (m, 1 H), 3.99-4.06 (m, 1 H), 4.53-4.62 (m, 1 H),7.47 (d,
J=0.76 Hz, 1 H),7.62 (s, 1 H), 7.68 (dd, J=5.31, 1.52 Hz, 1 H),
8.24 (d, J=5.56 Hz, 1 H). ESI-MS nv/z [M+H]* calc’d for
C,5H,,N;0O,, 299.14; found 300.2.

Example 15

2-(1H-pyrrolo[2,3-b|pyridin-4-y1)-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine
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Step A: 2-(1-tosyl-1H-pyrrolo[2,3-b]pyridin-4-y1)-5,
6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]pteridine

The title compound was prepared in a manner similar to
EXAMPLE 2 using 4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)-1-tosyl-1H-pyrrolo[2,3-b]pyridine ~ (PREPARA-
TION x2, 527 mg, 1.324 mmol), 2-chloro-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine (150 mg, 0.662
mmol), and PdCl,(dppf) (38.7 mg, 0.053 mmol) in dioxane
(3.5 mL) and aqueous saturated NaHCO; (0.8 mL.).

Step B: 2-(1H-pyrrolo[2,3-b]pyridin-4-y1)-5,6,6a,7,9,
10-hexahydro-[1,4]oxazino[3,4-h]pteridine

To a solution of 2-(1-tosyl-1H-pyrrolo[2,3-b]pyridin-4-
yD)-5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h]pteridine
(171 mg, 0.370 mmol) in DMF (13 ml.) was added KOH
(0.555 mL, 1.109 mmol) in MeOH (5 mL) dropwise. Upon
addition the solution turned orange/red and was stirred for 18
hours. The reaction mixture was subsequently diluted with
ethyl acetate and washed with 1M HCl (2x5 mL) and brine
(2x10 mL). The combined organic layers were dried over
MgSO,, filtered, and concentrated in vacuo. The product was
purified by LC/MS using a gradient of 10-30% CH;CN (with
0.035% TFA) in H,0O (with 0.05% TFA). The pure fractions
were combined and lyophilized to give a TFA salt of the title
compound as a yellow solid (55 mg, 48%). '"H NMR (400
MHz, DMSO-dg) 8 2.97-3.11 (m, 1 H), 3.16-3.31 (m, 2 H),
3.39-3.50 (m, 1 H), 3.90-4.18 (m, 3 H), 4.41-4.72 (m, 2 H),
7.07-7.32 (m, 1 H), 7.70 (m, 3 H), 8.28-8.42 (m, 1 H), 11.79-
12.19 (m, 1 H). ESI-MS m/z [M+H]* calc’d for C, ;H, (NsO,
309.14; found 309.2.

Example 16

2-(7-fluoro-3-methyl-1H-indol-4-y1)-5-(4-(methyl-
sulfonyl)benzyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]ox-
azino[3,4-h]pteridine

0
0
H3C\S// j
/ N
O/
N | Ny
Z
N
H;C F

The title compound was prepared in a manner similar to
EXAMPLE 2 using 2-chloro-5-(4-(methylsulfonyl)benzyl)-
5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h]pteridine
(PREPARATION x9, 66.0 mg, 0.167 mmol), 7-fluoro-3-me-
thyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-in-
dole (92 mg, 0.334 mmol) and PdCl,(dppf) (9.79 mg, 0.013
mmol) in dioxane (1 mL) and aqueous saturated NaHCO,
(0.2 mL). *H NMR (400 MHz, DMSO-dy) § 1.93-2.07 (m, 3
H), 2.89-2.99 (m, 1 H), 3.21-3.34 (m, 6 H), 3.47-3.49 (m, 1
H), 3.67-3.72 (m, 1 H), 3.86-3.99 (m, 2 H), 4.35-4.44 (m, 1
H), 4.57-4.64 (m, 2 H), 6.83-6.91 (m, 1 H), 7.02-7.08 (m, 1
H), 7.11-7.17 (m, 1 H), 7.58-7.66 (m, 3 H), 7.87-7.96 (m, 2
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H), 11.23-11.30 (m, 1 H). ESI-MS m/z [M+H]* calc’d for
C,sH,6FN,0,S, 508.17; found 508.5.

Example 17

2-(7-fluoro-1H-indol-4-y1)-5-(4-(methylsulfonyl)
benzyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]

pteridine
O
O
H3C\S//
V N
O/
N
| AN -
/ NH
N
F

The title compound was prepared in a manner similar to
EXAMPLE 2 using 2-chloro-5-(4-(methylsulfonyl)benzyl)-
5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]pteridine
(PREPARATION x9, 90 mg, 0.228 mmol), 7-fluoro-4-(4.4,
5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole ~ (119
mg, 0.456 mmol) and PdCl,(dppf) (8.34 mg, 0.011 mmol) in
dioxane (2.5 mL) and aqueous saturated NaHCO; (0.5 mL).
'H NMR (400 MHz, DMSO-dg) 8 3.22 (m, 3 H), 3.24-3.36
(m, 2 H), 3.39-3.75 (m, 3 H), 3.88-4.06 (m, 2 H), 4.06-4.16
(m, 1 H), 4.62-4.77 (m, 2 H), 7.05-7.21 (m, 2 H), 7.45-7.53
(m, 1 H), 7.55-7.62 (m, 1 H), 7.62-7.72 (m, 3 H), 7.90-7.97
(m, 2 H), 11.85-12.09 (m, 1 H). ESI-MS mv/z [M+H]* calc’d
for C,5H,,FNLO;S, 494.16; found 494.5.

Example 18

2-(1H-indol-4-yl)-5-tosyl-5,6,6a,7,9,10-hexahydro-
[1,4]oxazino[3,4-h]pteridine

H;C O.

Nj
N
-~ x
S N —
0?\ |
0 _ NH
N

The title compound was prepared in a manner similar to
EXAMPLE 3 using 2-chloro-5-tosyl-5,6,6a,7,9,10-hexahy-
dro-[1,4]oxazino|3,4-h]pteridine (PREPARATION x11, 68
mg, 0.179 mmol), 4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)-1H-indole (87 mg, 0.357 mmol) and PdCl,(dppt)
(6.53 mg, 8.93 umol) in dioxane (2 mL) and aqueous satu-
rated NaHCO, (0.4 mL). "H NMR (400 MHz, DMSO-d,) §
2.35-2.41 (m, 3 H), 2.55-2.66 (m, 1 H), 2.68-2.76 (m, 1 H),
2.97-3.09 (m, 1 H), 3.17-3.27 (m, 1 H), 3.82-3.98 (m, 2 H),
4.16-4.27 (m, 1 H), 4.53-4.63 (m, 1 H), 4.57-4.57 (m, 1 H),
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7.14-7.24 (m, 1 H), 7.23-7.31 (m, 1 H), 7.38-7.50 (m, 3 H),
7.51-7.63 (m, 3 H), 8.00-8.10 (m, 1 H), 8.48-8.58 (m, 1 H),
11.19-11.35 (m, 1 H). BSI-MS m/z [M+H]* calc’d for
C,,H,.N,0,8, 462.15; found 462.4.

Example 19

2-(1H-indol-4-y1)-5-(4-(methylsulfonyl)benzyl)-5,6,
6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]pteridine

o
0
H3C\S//
/ N
O/
¥ | AN -
_ NH
N

The title compound was prepared in a manner similar to
EXAMPLE 3 using 2-chloro-5-(4-(methylsulfonyl)benzyl)-
5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h]pteridine
(PREPARATION x9, 50 mg, 0.127 mmol), 4-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (61.6 mg, 0.253
mmol) and PdCl,(dppt) (4.63 mg, 6.33 umol) in dioxane (2
mL) and aqueous saturated NaHCO, (0.4 mL). 'HNMR (400
MHz, DMSO-dy) 8 3.22 (m, 4 H), 3.48-3.55 (m, 1 H), 3.57-
3.68 (m, 1 H), 3.93-4.05 (m, 2 H), 4.07-4.17 (m, 1 H), 4.68-
4.79 (m, 3 H), 7.00-7.09 (m, 1 H), 7.21-7.30 (m, 1 H), 7.44-
7.50 (m, 1 H), 7.52-7.58 (m, 1 H), 7.60-7.71 (m, 4 H), 7.90-
7.98 (m, 2 H), 11.44-11.51 (m, 1 H). ESI-MS nv/z [M+H]*
calc’d for C,5H,5N058S, 476.17; found 476.4.

Example 20

1-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4 ]ox-
azino|3,4-h|pteridin-5(6H)-yl)-2-(4-methoxyphenyl)
ethanone

O

Nj
/O/\H/N\f\l\] -
jiNe o} = NH
3 ~o NJ\&

To 1-(2-(1-(tert-butyldimethylsilyl)-1H-indol-4-y1)-6a,7,
9,10-tetrahydro-[ 1,4]oxazino[3,4-h]pteridin-5(6H)-y1)-2-(4-
methoxyphenyl)ethanone (PREPARATION x13, 40 mg,
0.070 mmol) dissolved in THF (0.5 mL) was added tetrabu-
tylammonium fluoride in THF (1M, 0.14 mL, 0.14 mmol).
The resulting bright yellow solution was stirred for 5 hours at
room temperature. The reaction mixture was subsequently
diluted with ethyl acetate and washed with aqueous saturated
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NH,CI (3x10 mL). The combined organic layers were dried
over MgSO,,, filtered, and concentrated in vacuo. The product
was purified by LC/MS using a gradient of 20-45% CH,CN
(with 0.035% TFA) in H,O (with 0.05% TFA). The pure
fractions were combined and lyophilized to give a TFA salt of
the title compound as a yellow solid (17 mg, 52%). 'H NMR
(400 MHz, DMSO-d;) § 3.17-3.25 (m, 3 H), 3.49-3.58 (m, 1
H), 3.67-3.76 (m, 4 H), 3.89-3.96 (m, 2 H), 3.97-4.10 (m, 2
H), 4.36-4.51 (m, 1 H), 4.70-4.80 (m, 1 H), 6.77-6.94 (m, 2
H), 7.06-7.21 (m, 3 H), 7.21-7.29 (m, 1 H), 7.45-7.56 (m, 1
H), 7.57-7.70 (m, 1 H), 7.79-7.98 (m, 1 H), 8.39-8.94 (m, 1
H), 11.36-11.47 (m, 1 H). ESI-MS m/z [M+H]* calc’d for
C,6H,5NO5, 456.20; found 456.5.

Example 21

5-(4-(methylsulfonyl)benzyl)-2-(2-(trifluoromethyl)-
1H-indol-4-y1)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino[3,4-h]pteridine

O
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The title compound was prepared in a manner similar to
EXAMPLE 3 using 2-chloro-5-(4-(methylsulfonyl)benzyl)-
5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]pteridine
(PREPARATION x9, 63.5 mg, 0.161 mmol), 4-(4,4,5,5-tet-
ramethyl-1,3,2-dioxaborolan-2-yl)-2-(trifluoromethyl)-1H-
indole (100 mg, 0.321 mmol) and PdCL,(dppf) (5.88 mg, 8.04
mmol) in dioxane (2 mL) and aqueous saturated NaHCO,
(0.4 mL). "H NMR (400 MHz, DMSO-dg) 8 3.21 (m, 3 H),
3.23-3.34 (m, 3 H), 3.56-3.66 (m, 2 H), 3.88-4.03 (m, 2 H),
4.05-4.16 (m, 1 H), 4.59-4.68 (m, 1 H), 4.71 (s, 2 H), 7.41-
7.48 (m, 1 H), 7.56 (s, 2 H), 7.65 (d, I=8.34 Hz, 3 H),
7.79-7.86 (m, 1 H), 7.94 (d, I=8.34 Hz, 2 H), 12.56-12.65 (m,
1 H). ESI-MS m/z [M+H]* calc’d for C,H,, F3N;O;S,
544.16; found 544.5.

Example 22

2-(1H-indazol-4-yl1)-5-(4-(methylsulfonyl)benzyl)-5,
6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]pteridine
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The title compound was prepared in a manner similar to
EXAMPLE 3 using 2-chloro-5-(4-(methylsulfonyl)benzyl)-
5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h]pteridine
(PREPARATION x9, 75 mg, 0.190 mmol), 1-(4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-indazol-1-yl)etha-
none (109 mg, 0.381 mmol) and PdCl,(dppf) (6.97 mg, 9.52
umol) in dioxane (2 mL) and aqueous saturated NaHCO; (0.4
mL). 'H NMR (400 MHz, DMSO-d,) 8 3.18-3.38 (m, 5 H),
3.88-4.05 (m, 3 H),4.09-4.19 (m, 2 H), 4.73 (m, 4 H), 7.49 (s,
1H),7.56(s,1 H),7.65(d,J=8.34Hz,2H),7.72 (s, 1 H), 7.84
(d, I=7.33 Hz, 1 H), 7.94 (d, J=8.34 Hz, 2 H), 8.61 (s, 1 H),
13.00-13.68 (m, 1 H). ESI-MS m/z [M+H]* calc’d for
C,,H,,N;O;8S, 477.16; found 477.4.

Example 23

5-(4-(methylsulfonyl)benzyl)-2-(1H-pyrrolo[2,3-c]
pyridin-4-y1)-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino
[3,4-h]pteridine

e}
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The title compound was prepared in a manner similar to
EXAMPLE 3 using 2-chloro-5-(4-(methylsulfonyl)benzyl)-
5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h]pteridine
(PREPARATION x9, 75 mg, 0.190 mmol), 1-acetyl-1H-pyr-
rolo[2,3-c]pyridin-4-ylboronic acid (77 mg, 0.380 mmol) and
PdCL,(dppf) (6.95 mg, 9.50 umol) in dioxane (2 mL) and
aqueous saturated NaHCO, (0.4 mL). "H NMR (400 MHz,
DMSO0-d,) $3.08-3.19 (m, 1 H),3.21 (m, 2 H), 3.23-3.34 (m,
2 H),3.47-3.56 (m, 1 H),3.57-3.67 (m, 1 H), 3.70-3.81 (m, 1
H), 3.93-4.01 (m, 2 H), 4.06-4.15 (m, 1 H), 4.49-4.58 (m, 1
H), 4.64-4.80 (m, 2 H), 7.55-7.68 (m, 3 H), 7.69-7.75 (m, 1
H), 7.88-7.98 (m, 2 H), 8.28-8.37 (m, 1 H), 8.86-8.96 (m, 1
H), 9.05-9.15 (m, 1 H), 12.85-12.97 (m, 1 H). ESI-MS m/z
[M+H]* calc’d for C,,H,,N,O;8S, 477.16; found 477.5.

Example 24
5-(4-(methylsulfonyl)benzyl)-2-(1H-pyrrolo[3,2-b]

pyridin-6-y1)-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino
[3,4-h]pteridine

O
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The title compound was prepared in a manner similar to
EXAMPLE 3 using 2-chloro-5-(4-(methylsulfonyl)benzyl)-
5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]pteridine
(PREPARATION X9, 50 mg, 0.127 mmol), 6-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrrolo|[3,2-b]pyridine
(61.8 mg, 0.253 mmol) and PACl,(dpp{) (4.63 mg, 6.33 pmol)
in dioxane (2 mL) and aqueous saturated NaHCO; (0.4 mL.).
'H NMR (400 MHz, DMSO-d,)  3.03-3.18 (m, 1 H), 3.18-
3.30 (m, 5 H), 3.73-3.87 (m, 2 H), 3.92-4.19 (m, 3 H), 4.59-
4.81 (m, 3 H), 6.76-6.97 (m, 1 H), 7.53-7.77 (m, 2 H), 7.86-
8.08 (m, 2 H), 8.14-8.33 (m, 1 H), 8.96-9.20 (m, 1 H), 9.26-
9.42 (m, 1 H), 12.40-12.69 (m, 1 H). ESI-MS m/z [M+H]*
cale’d for C,,H,,NO;S, 477.16; found 477.2.

Example 25

5-(4-(methylsulfonyl)benzyl)-2-(1H-pyrrolo[2,3-b]
pyridin-5-y1)-5,6,6a,7,9,10-hexahydro-[1,4]oxazino
[3,4-h]pteridine

O

Nj
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The title compound was prepared in a manner similar to
EXAMPLE 3 using 2-chloro-5-(4-(methylsulfonyl)benzyl)-
5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]pteridine
(PREPARATION x9, 50 mg, 0.127 mmol), 5-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrrolo[ 2,3-b]pyridine
(61.8 mg, 0.253 mmol) and PdCL,(dppf) (4.63 mg, 6.33 umol)
in dioxane (2 mL) and aqueous saturated NaHCO, (0.4 mL).
'"H NMR (400 MHz, DMSO-d,) 8 3.14-3.26 (m, 2 H), 3.31-
3.45 (m, 6 H), 3.54-3.65 (m, 2 H), 3.93-4.03 (m, 1 H), 4.03-
4.13 (m, 1 H), 4.62-4.72 (m, 2 H), 6.51-6.61 (m, 1 H), 7.44-
7.53 (m, 1 H), 7.53-7.60 (m, 1 H), 7.60-7.68 (m, 2 H), 7.89-
7.96 (m, 2 H), 8.67-8.73 (m, 1 H), 8.99-9.07 (m, 1 H), 11.76-
1207 (m, 1 H). ESI-MS m/z [M+H]* cale’d for
C,,H,,NO,8S, 477.16; found 477.3.

Example 26

2-(1H-indol-4-yl)-4-methyl-5-(4-(methylsulfonyl)
benzyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]

pteridine
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To a 10 mL vial were added 2-chloro-4-methyl-5-(4-(me-
thylsulfonyl)benzyl)-5,6,6a,7,9,10-hexahydro-[1,4]oxazino
[3,4-h]pteridine (PREPARATION x21, 94 mg, 0.230 mmol),
1H-indol-4-ylboronic acid (74.0 mg, 0.460 mmol) and PdC1,
(dppH)-DCM (9.39 mg, 0.011 mmol) in dioxane (3615 pl)
and aqueous saturated NaHCO; (723 pL). The reaction mix-
ture was heated at 100° C. overnight. Additional 1H-indol-4-
ylboronic acid (74.0 mg, 0.460 mmol) and PdCl,(dpp1)-
DCM (9.39 mg, 0.011 mmol) were added and the reaction
mixture was heated in a microwave at 100° C. for 1 hour. The
mixture was subsequently filtered and the filtrate was purified
by preparatory HPLC using a gradient of 20-45% CH,CN
(with 0.035% TFA) in H,O (with 0.05% TFA). The pure
fractions were combined and lyophilized to give a TFA salt of
the title compound as a yellow solid (16 mg, 14%). '"H NMR
(400 MHz, DMSO-dy) d 2.53 (s, 3 H), 2.74 (dd, J=14.16,
10.25Hz, 1 H),3.03 (d,J=11.23 Hz, 1 H), 3.13-3.19 (m, 1 H),
3.24 (s, 3 H), 3.28-3.37 (m, 1 H), 3.59 (td, J=12.08, 2.68 Hz,
2 H),3.94 (d, I=10.74 Hz, 1 H), 4.11 (dd, J=11.72,3.42 Hz,
1H),4.18-4.29 (m, 2 H), 4.77 (d, J=12.20 Hz, 1 H), 7.03 (dd,
J=8.05, 7.08 Hz, 1 H), 7.27-7.36 (m, 1 H), 7.59 (br s, 1 H),
7.67-7.84 (m, 4 H), 7.96-8.02 (m, 2 H), 11.56 (br s, 1 H).
ESI-MS m/z [M+H]* cale’d for C, H,,N;0O,S, 490.18;
found 490.6.

Example 27

5-(cyclopropylmethyl)-2-(1H-indol-4-y1)-4-methyl-
5,6,6a,7,9,10-hexahydro-[ 1,4|oxazino[3,4-h]pteri-

dine
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N
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To a 10 mL vial were added 2-chloro-5-(cyclopropylm-
ethyl)-4-methyl-5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-
hipteridine (PREPARATION x22; 56 mg, 0.190 mmol),
1H-indol-4-ylboronic acid (61.2 mg, 0.380 mmol) and PdCl,
(dppD)-DCM (7.76 mg, 9.50 pmol) in dioxane (3.0 mL) and
aqueous saturated NaHCO; (0.60 mL). The reaction mixture
was heated in a microwave at 100° C. for 1 hour. The mixture
was subsequently filtered and the filtrate was purified by
preparatory HPLC using a gradient of 20-45% CH,CN (with
0.035% TFA) in H,O (with 0.05% TFA). The pure fractions
were combined and lyophilized to give a TFA salt of the title
compound as a yellow solid (30 mg, 42%). "H NMR (400
MHz, DMSO-d,) 8 0.17-0.23 (m, 1 H), 0.31 (dt, J=9.28, 4.64
Hz, 1 H), 0.47-0.60 (m, 2 H), 1.06-1.13 (m, 1 H), 2.69-2.75
(m, 2 H), 2.79-2.85 (m, 1 H), 3.20 (t, J=10.98 Hz, 1 H), 3.51
(brs, 3 H),3.58 (td, I=11.96, 2.93 Hz, 3 H), 3.85 (br s, 1 H),
4.03 (dd, J=11.23,3.42 Hz, 1 H), 4.09 (dd, J=11.47,3.66 Hz,
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1H),4.75(d,J=12.69 Hz, 1 H), 6.99 (brs, 1 H), 7.30(t,J=7.81
Hz, 1 H),7.58 (brs, 1 H), 7.71 (br s, 2 H), 11.55 (br s, 1 H).
ESI-MS m/z [M+H]" calc’d for C,,H,sN-O, 376.21; found
376.6.

Example 28

(S)-2-(1H-indol-4-y1)-5-(4-(methylsulfonyl)benzyl)-
5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h|pteri-
dine

O

B
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To a 2 mL microwave vial were added (S)-2-chloro-5-(4-
(methylsulfonyl)benzyl)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino[3,4-h]pteridine (90 mg, 0.228 mmol), indole-4-boronic
acid (36.7 mg, 0.228 mmol) and [1,1'-bis(diphenylphos-
phino)ferrocene]-dichloropalladium(Il) (9.38 mg, 0.011
mmol). The vial was evacuated, filled with nitrogen, and
sealed. Dioxane (1.6 mL) and aqueous saturated NaHCOj,
(0.4 mL) were added and the mixture was heated in a micro-
wave to 120° C. for 45 minutes. After the reaction mixture
was cooled to room temperature, DMF (2 mL.) was added and
the solids were removed by passing the mixture through a
syringe filter. The crude product was purified by preparatory
HPLC using a gradient of 20-40% CH;CN (with 0.035%
TFA) in H,O (with 0.05% TFA). The collected fractions were
lyophilized to give a TFA salt of the title compound as a
yellow powder (31 mg, 24% yield). 'H NMR (DMSO-dy) &
3.19-3.25 (m, 3H),3.53-3.62 (m, 4H), 4.00 (d, J=8.8 Hz, 2H),
4.04-4.15 (m, 1H), 4.12 (dd, J=11.6, 3.5 Hz, 1H), 4.66-4.80
(m, 3H), 7.04 (br s, 1H), 7.26 (t, I=7.8 Hz, 1H), 7.48 (s, 1H),
7.56 (t,J=2.5 Hz, 1H), 7.60-7.73 (m, 4H), 7.94 (d, ]=8.6 Hz,
2H), 11.52 (br s, 1H). ESI-MS nv/z [M+H]* calc’d for
C,sH,5N;0;8, 476.17, found 476.4.

Example 29

(R)-2-(1H-indol-4-y1)-5-(4-(methylsulfonyl)benzyl)-
5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h|pteri-

dine
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| = NH
N



US 9,045,496 B2

91

To a 2 mL microwave vial were added (R)-2-chloro-5-(4-
(methylsulfonyl)benzyl)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino|3,4-h|pteridine (PREPARATION x3, 110 mg, 0.279
mmol), indole-4-boronic acid (44.8 mg, 0.279 mmol) and
[1,1'-bis(diphenylphosphino)ferrocene]-dichloropalladium
(II) (11.46 mg, 0.014 mmol). The vial was evacuated, filled
with nitrogen, and sealed. Dioxane (1.6 mL) and aqueous
saturated NaHCO, (0.4 mL) were added and the reaction
mixture was heated in a microwave to 120° C. for 45 minutes.
After the reaction mixture was cooled to room temperature,
DMF (2 mL) was added and the solids were removed by
passing the mixture through a syringe filter. The crude prod-
uct was purified by preparatory HPLC using a gradient of
20-40% CH,CN (with 0.035% TFA) in H,O (with 0.05%
TFA). The collected fractions were lyophilized to give a TFA
salt of the title compound as a yellow solid (28 mg, 21%). 'H
NMR (DMSO-d,) & 3.23 (s, 3H), 3.25-3.40 (m, 3H), 3.53-
3.64 (m,3H), 4.00 (d,J=8.8 Hz, 2H), 4.12(dd, J=11.4,3.0Hz,
1H), 4.66-4.79 (m, 2H), 7.04 (br s, 1H), 7.26 (t,J=7.8 Hz, 1H),
7.48 (s, 1H), 7.56 (d, I=2.5 Hz, 1H), 7.66 (d, ]=8.3 Hz, 3H),
7.95 (s, 2H), 11.53 (brs, 1H). ESI-MS m/z [M+H]* calc’d for
C,sH,sN;O;8, 476.17, found 476.4.

Example 30

(R)-5-(4-(methylsulfonyl)benzyl)-2-(1H-pyrrolo[2,3-
clpyridin-4-y1)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino[3,4-h]pteridine

.....\O

(\

v

To a 2 mL microwave vial were added (R)-2-chloro-5-(4-
(methylsulfonyl)benzyl)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino|3,4-h]pteridine (PREPARATION x3, 100 mg, 0.253
mmol), 1-acetyl-1H-pyrrolo[2,3-c]pyridin-4-ylboronic acid
(67.2 mg, 0.329 mmol) and [1,1'-bis(diphenylphosphino)fer-
rocene]-dichloropalladium(Il) (10.42 mg, 0.013 mmol). The
vial was evacuated, filled with nitrogen, and sealed. Dioxane
(1.6 mL) and aqueous saturated NaHCO, (0.4 mL) were
added and the reaction mixture was heated in a microwave to
120° C. for 45 minutes. After the reaction mixture was cooled
to room temperature, DMF (2 mL) was added and the solids
were removed by passing the mixture through a syringe filter.
The crude product was purified by preparatory HPLC, eluting
with a gradient of 20-40% CH,CN (with 0.035% TFA) in
H,O (with 0.05% TFA). The collected fractions were lyo-
philized to give a TFA salt of the title compound (15 mg,
10%). 'H NMR (DMSO-d) 8 3.21 (s, 3H), 4.10 (dd, J=11.4,
3.3 Hz, 1H), 4.54 (d, J=11.9 Hz, 1H), 4.63-4.81 (m, 2H),
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7.58-7.72 (m, 4H), 7.93 (d, J=8.6 Hz, 2H), 8.33 (1, ]=2.8 Hz,
1H), 8.93 (s, 1H), 9.06-9.14 (m, 1H), 12.93 (br s, 111).

Example 31

(R)-5-((5-ethyl-1,3,4-oxadiazol-2-yl)methyl)-2-(1H-
indol-4-y1)-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[ 3,
4-h|pteridine

=/o
HsC N\N (\N
—
OJ\/N | Xy i
NH
N | A
F

(R)-2-Chloro-5-((5-ethyl-1,3,4-oxadiazol-2-yl)methyl)-5,
6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]pteridine
(PREPARATION x19, 165 mg, 0.490 mmol), 1H-indol-4-
ylboronic acid (158 mg, 0.980 mmol) and PACl,(dppf) (17.92
mg, 0.024 mmol) were suspended in dioxane (3 ml) and
aqueous saturated NaHCO,; (0.6 mL) then heated to 100° C.
and stirred overnight. The reaction mixture was subsequently
diluted with ethyl acetate and washed with aqueous saturated
NH,CI (3x10 mL). The combined organic layers were dried
over MgSO,,, filtered, and concentrated in vacuo. The product
was purified by LC/MS, eluting witha CH;CN (15-40%)H,0O
(0.035% TFA. The pure fractions were combined and lyo-
philized to give a TFA salt of the title compound as a yellow
solid (136 mg, 66%). 'H NMR (400 MHz, DMSO-dg) 8 1.26
(t, J=7.58 Hz, 3 H), 2.86 (q, J=7.58 Hz, 2 H), 3.31 (m, 3H),
3.59(td, J=12.25,3.03 Hz, 2 H), 3.90-4.16 (m, 3 H), 4.80 (d,
J=16.93 Hz, 2H), 5.07 (d,J=16.93 Hz, 1 H), 7.01 (br s, 1 H),
7.28(s, 1 H),7.53-7.60 (m, 1 H), 7.66 (t,J=6.82 Hz, 2 H), 7.78
(s, 1 H), 11.50-11.62 (m, 1 H). ESI-MS m/z [M+H]" calc’d
for C,,H,5N,0,8S, 418.19; found 418.3.

The compounds of EXAMPLES 32 through 45, below,
were prepared as shown in Scheme G, following the proce-
dures described in PREPARATION x5 for the (i) alkylation
and PREPARATION x9 for the (i) Suzuki coupling.

Scheme G
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Reaction conditions: (i) starting material (a) (75 mg, 0.331
mmol) in DMSO (2 mL), R—X (0.364 mmol), and sodium
tert-butoxide (38.2 mg, 0.397 mmol) at room temperature
for ~18 h; (ii) (b) (1 equivalent), 4-(4,4,5,5-tetramethyl-1,32-
dioxaborolan-2-yl)-1H-indole (2 equivalents), and PdCl,
(dpp?) (0.05 equivalents) in a 5:1 mixture of dioxane and
aqueous saturated NaHCO; (0.042 M of b) at 100° C. for 18
hours. The title compounds were isolated as TFA salts.

Example 32

2-(1H-indol-4-y1)-5-(2-phenoxyethyl)-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h|pteridine

O

)

'H NMR (400 MHz, DMSO-d,) & 3.25-3.39 (m, 4 H),
3.54-3.65 (m, 2 H), 3.67-3.78 (m, 1 H), 3.80-3.93 (m, 2 H),
3.97-4.16 (m, 2 H), 4.20-4.34 (m, 2 H), 4.64-4.75 (m, 1 H),
6.90-6.99 (m, 3 H), 7.00-7.05 (m, 1 H), 7.23-7.34 (m, 3 H),
7.53-7.58 (m, 1 H), 7.61-7.69 (m, 2 H), 7.73-7.79 (m, 1 H),
11.40-11.53 (m, 1 H). BSI-MS m/z [M+H]* calc’d for
C,sH,.N,0,, 428.20; found 428.5.

Example 33
2-(1H-indol-4-y1)-5-((5-(thiophen-2-y1)-1,3,4-oxa-

diazol-2-yl)methyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]
oxazino[3,4-h]pteridine

O
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'H NMR (400 MHz, DMSO-d,) 8 3.26-3.33 (m, 2 H),
3.54-3.65 (m, 2 H), 3.87-4.15 (m, 4 H), 4.65-4.77 (m, 1 H),
4.84-4.94 (m, 1 H), 5.10-5.19 (m, 1 H), 7.01-7.10 (m, 1 H),
7.22-7.33 (m, 2 H), 7.51-7.58 (m, 1 H), 7.59-7.67 (m, 1 H),
7.67-7.75 (m, 1 H), 7.80-7.84 (m, 1 H), 7.85-7.89 (m, 1 H),
7.94-7.99 (m, 1 H), 11.42-11.54 (m, 1 H). ESI-MS nvz
[M+H]* calc’d for C,,H,,N,O,8S, 472.15; found 472 .4.

Example 34

3-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4 ]ox-
azino[3,4-h]pteridin-5(6H)-y1)-N-(furan-2-ylmethyl)

propanamide
Oj
/ (6] N
& N
= W EN N _
S | P NH
N

'H NMR (400 MHz, DMSO-d,) & 2.99-3.11 (m, 1 H),
3.17-3.25 (m, 2 H), 3.33-3.40 (m, 3 H), 3.50-3.70 (m, 3 H),
3.72-3.85 (m, 1 H), 3.92-4.02 (m, 1 H), 4.04-4.14 (m, 1 H),
4.22-431 (m, 2 H), 4.60-4.74 (m, 1 H), 6.16-6.26 (m, 1 H),
6.28-6.39 (m, 1 H), 6.93-7.12 (m, 1 H), 7.18-7.35 (m, 1 H),
7.46-7.77 (m, 4 H), 8.41-8.57 (m, 1 H), 11.39-11.59 (m, 1 H).
ESI-MS m/z [M+H]* cale’d for C,sH, N O;, 459.21; found
459.5.

Example 35

5-((5-ethyl-1,3,4-oxadiazol-2-yl)methyl)-2-(1H-in-
dol-4-y1)-5,6,6a,7,9,10-hexahydro-| 1,4]oxazino| 3,4-
h]pteridine

O

H;C, Nee
/:oJN\/N\ﬁ\
|
N

Nj
Xy -
A&NH

'H NMR (400 MHz, DMSO-d,) & 1.15-1.34 (m, 3 H),
2.80-2.92 (m, 2 H), 3.18-3.28 (m, 3 H), 3.51-3.66 (m, 2 H),
3.85-4.14 (m, 3 H), 4.64-4.84 (m, 2 H), 5.00-5.11 (m, 1 H),
6.98-7.11 (m, 1 H), 7.20-7.32 (m, 1 H), 7.50-7.58 (m, 1 H),
7.59-7.76 (m, 1 H), 7.76-7.84 (m, 2 H), 11.41-11.56 (m, 1 H).
ESI-MS m/z [M+H]* calc’d for C,,H,5N,0,, 418.19; found
418.5.
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Example 36
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5-((1-cyclopropyl-1H-tetrazol-5-yl)methyl)-2-(1H-
indol-4-y1)-5,6,6a,7,9,10-hexahydro-[ 1,4 |oxazino|3,

N
v N

N
\/
N

4-h|pteridine

e}

NG

'H NMR (400 MHz, DMSO-d,) & 1.18-1.36 (m, 4 H),
3.31-3.37 (m, 2 H), 3.49-3.67 (m, 3 H), 3.81-3.90 (m, 1 H),
3.90-4.04 (m, 2 H), 4.05-4.16 (m, 1 H), 4.67-4.79 (m, 1 H),
4.92-5.13 (m, 2 H), 6.93-7.14 (m, 1 H), 7.17-7.34 (m, 1 H),
7.43-791 (m, 4 H), 11.33-11.65 (m, 1 H). ESI-MS m/z

[M+H]* calc’d for C,,H,;N;0O, 430.20; found 430.4.

Example 37

2-(1H-indol-4-y1)-5-((2-phenyloxazol-4-yl)methyl)-
5,6,6a,7,9,10-hexahydro-[ 1,4|oxazino[3,4-h]pteri-

'H NMR (400 MHz, DMSO-dy) & 3.35-3.45 (m, 4 H),
3.50-3.67 (m, 2 H), 3.96-4.16 (m, 2 H), 4.42-4.58 (m, 1 H),
4.60-4.78 (m, 2 H), 6.42-6.60 (m, 1 H), 6.94-7.14 (m, 1 H),
7.17-7.33 (m, 1 H), 7.47-7.59 (m, 5 H), 7.81-7.89 (m, 1 H),
7.93-8.02 (m, 2 H), 8.25-8.30 (m, 1 H), 11.33-11.65 (m, 1 H).
ESI-MS nv/z [M+H]™* calc’d for C,,H,,N.O, 465.20; found

465.4.

dine

Example 38

NH

2-(1H-indol-4-y1)-5-((5-phenyl-1,3,4-oxadiazol-2-yl)
methyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]

N
.
(6]

pteridine

~

NH
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11 NMR (400 MHz, DMSO-d,) & 3.30-3.40 (m, 3 H),
3.54-3.69 (m, 2 H), 3.87-4.17 (m, 3 H), 4.62-4.81 (m, 1 H),
4.83-5.23 (m, 2 H), 6.98-7.13 (m, 1 H), 7.16-7.32 (m, 1 H),
7.44-7.77 (m, 6 H), 7.81-7.92 (m, 1 H), 7.96-8.06 (m, 2 H),
11.33-11.65 (m, 1 H). BSI-MS m/z [M+H]* cale’d for
C,H,.N,0,, 466.19; found 466.4.

Example 39

2-(1H-indol-4-y1)-5-(oxazol-2-ylmethyl)-5,6,6a,7.9,
10-hexahydro-[1,4]oxazino[3,4-h]pteridine

O

)
CJ\/N\KN\N —

11 NMR (400 MHz, DMSO-d,) & 3.11-3.24 (m, 3 H),
3.45-3.60 (m, 2 H), 3.77-4.06 (m, 3 H), 4.55-4.96 (m, 3 H),
6.91-7.03 (m, 1 H), 7.12-7.26 (m, 2 H), 7.43-7.52 (m, 1 H),
7.53-7.64 (m, 2 H), 7.65-7.73 (m, 1 H), 8.03-8.15 (m, 1 H),
11.33-11.56 (m, 1 H).

ESI-MS nv/z [M+H]* cale’d for C, H,,NO,, 389.16;
found 389.3.

Example 40

2-(1H-indol-4-y1)-5-((1-phenyl-1H-1,2,3-triazol-4-
yDmethyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazinol[ 3,
4-h|pteridine

NH

'H NMR (400 MHz, DMSO-d,) & 2.30-2.41 (m, 3 H),
2.65-2.76 (m, 2 H), 3.04-3.28 (m, 3 H), 3.74-4.06 (m, 3 H),
6.05-6.22 (m, 1 H), 6.32-6.46 (m, 1 H), 6.56-6.87 (m, 6 H),
6.89-7.10 (m, 3 H), 7.94-8.05 (m, 1 H), 10.55-10.76 (m, 1 H).
ESI-MS nv/z [M+H]™* calc’d for C,H,,NO, 465.21; found
465.4.
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Example 41 '"H NMR (400 MHz, DMSO-d,) 8 2.86 (s, 3 H), 3.02 (s, 3
2-(2-(1H-ind01-4-yl)-6a,7,9,10-tetrahydr0-[l,4]0x- H), 3.22-3.32 (m, 2 H), 3.57-3.69 (m, 1 H), 3.86-4.04 (m, 2
azino|3,4-h|pteridin-5(6H)-y1)-N-(2-methylbenzyl) H). 4.06-4.15 (m, 1 H), 4.16-4.27 (m, 1 H), 4.53-4.63 (m, 1
acetamide H), 4.66-4.81 (m, 1 H), 6.90-7.08 (m, 1 H), 7.24-7.35 (m, 1
5 H),7.47-7.53 (m, 1 H),7.55-7.74 (m,3 H), 11.47-11.64 (m, 1
O H). ESI-MS m/z [M+H]" calc’d for C,,;H,,N,O,, 393.20;
found 393.3
10 Example 44
Xy .
2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4 ]ox-
azino|3,4-h|pteridin-5(6H)-yl)-N-isopropyl-N-me-
CH. 15 thylacetamide
'H NMR (400 MHz, DMSO-d,) § 2.26-2.29 (m, 3 H), o
3.30-3.40 (m, 4 H), 3.43-3.54 (m, 1 H), 3.54-3.68 (m, 3 H), 20
3.87-4.15 (m, 1 H), 4.18-4.36 (m, 3 H), 4.63-4.79 (m, 1 H),
6.90-7.36 (m, 3 H), 7.40-7.81 (m, 6 H), 8.46-8.57 (m, 1 H), CH; O N
11.39-11.66 (m, 1 H). )\
ESI-MS m/z [M+H]* calc’d for C,,H, N O,, 469.23; N S
H;C N N ——
found 469.4. 25 | |
Example 42 CHy N/ Nit

2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4 ]ox-
azino|3,4-h]pteridin-5(6H)-yl)-N-isopropylaceta-

mide 10

'H1 NMR (400 MHz, DMSO-d,) 8 0.99-1.12 (m, 6 H),
1.14-1.29 (m, 3 H), 2.68-2.73 (m, 1 H), 2.80-2.88 (m, 2 H),
- 4 3:56-3.68 (m, 1 H), 3.84-4.29 (m, 5 H), 4.46-4.57 (m, 1 H),

3

4.58-4.79 (m, 2 H), 6.92-7.09 (m, 1 H), 7.22-7.35 (m, 1 H),

)\ )k/ 7.37-7.49 (m, 1 H),7.52-7.77 (m, 3 H), 11.40-11.66 (m, 1 H).

Y ESI-MS m/z [M+H]* calc’d for C,;H, N,O,, 421.23; found
NH 421.3.

40
Example 45

'HNMR (400 MHz, DMSO-d,) 3 1.10 (d, J=6.57 Hz, 6 H), 2-((2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]ox-
3.24-3.34 (m, 4 H), 3.56-3.68 (m, 1 H), 3.83-4.05 (m, 4 H), 45 aZan[3,4-h]pter1dln-5(6H)-yl)methyl)benzonltrlle
4.06-4.21 (m, 2 H), 4.67-4.78 (m, 1 H), 6.94-7.08 (m, 1 H),

7.22-734 (m, 1 H), 7.36-7.49 (m, 1 H), 7.52-7.75 (m, 3 H),
7.97-8.13 (m, 1 H), 11.44-11.65 (m, 1 H). ESI-MS m/z
[M+H]* cale’d for C,,H, (N O,, 407.21; found 407.3. o

Example 43 ¢N

2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4 ]ox-
azino[3,4-h]pteridin-5(6H)-yl1)-N,N-dimethylaceta-
mide

N
N
Xy -
55 |
NH
=
O N

60

e Ny 'H NMR (400 MHz, DMSO-d,) 8 3.14-3.44 (m, 4 H),
3.55-3.67 (m, 1 H), 3.92-4.05 (m, 2 H), 4.07-4.16 (m, 1 H),

CHs 4.65-4.89 (m, 3 H), 6.97-7.08 (m, 1 H), 7.21-7.33 (m, 1 H),
65 7.58 (s, 7 H), 7.88-7.99 (m, 1 H), 11.46-11.62 (m, 1 H).

ESI-MS nv/z [M+H]™* calc’d for C,sH,,NO, 423.19; found

423.3.
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Example 46

2-((2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4]ox-
azino|3,4-h|pteridin-5(6H)-yl)methyl)-4-fluoroben-

zonitrile
O.
a j
N
N
F | SN —
= NH
N

'H NMR (400 MHz, DMSO-d,) § 3.18-3.27 (m, 2 H),
3.44-3.51 (m, 2 H), 3.55-3.66 (m, 1 H), 3.93-4.07 (m, 2 H),
4.07-4.17 (m, 1 H), 4.65-4.79 (m, 2 H), 4.79-4.89 (m, 1 H),
6.97-7.13 (m, 1 H), 7.18-7.32 (m, 1 H), 7.34-7.60 (m, 4 H),
7.60-7.77 (m, 2 H), 7.99-8.10 (m, 1 H), 11.41-11.61 (m, 1 H).
ESI-MS nv/z [M+H]"* calc’d for C,5sH,; FN,O, 440.18; found
440.3.

Example 47

4-((2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4]ox-
azino[3,4-h]pteridin-5(6H)-yl)methyl)-3-methoxy-
benzonitrile

//z
__/

'H NMR (400 MHz, DMSO-d,) 8 3.18-3.27 (m, 2 H),
3.44-3.54 (m, 2 H), 3.55-3.66 (m, 1 H), 3.87-3.96 (m, 4 H),
3.96-4.04 (m, 1 H), 4.07-4.16 (m, 1 H), 4.48-4.63 (m, 2 H),
4.64-4.76 (m, 1 H), 6.95-7.08 (m, 1 H), 7.18-7.30 (m, 1 H),
7.34-7.76 (m, 7 H), 11.40-11.60 (m, 1 H). ESI-MS m/z

[M+H]* calc’d for C,H,,NO,, 452.20; found 452.3.

The compounds of EXAMPLES 48 through 54, below,
were prepared as shown in Scheme H, following the proce-
dures described in PREPARATION x13 for the (i) acylation
and PREPARATION x9 for the (i) Suzuki coupling.

NH
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Scheme H
(0] Oj
N . N .
i ii
—_— —_—
HN | X N R\”/N | X N
)\ o )\
N Cl N Cl
a c
Oj
N
R\”/N Ny __
I8! | _ NH
N

Reaction conditions: (i) starting material (a) (75 mg, 0.331
mmol), triethylamine (0.092 mL., 0.662 mmol), and RC(O)Cl
(0.397 mmol) in CH,CI, (2 mL) at room temperature for 18
hours; (i1) (¢) (1 equivalent), 1H-indol-4-ylboronic acid (2
equivalents), and PdCl,(dpp?) (0.05 equivalent) in a 5:1 mix-
ture of dioxane and aqueous saturated NaHCO, (0.13 M of¢)
at 100° C. for 18 hours. The title compounds were isolated as
TFA salts.

Example 48
1-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4 ]ox-

azino[3,4-h]pteridin-5(6H)-yl)-2-phenylethanone

O

b

11 NMR (400 MHz, DMSO-d,), 8 3.17-3.29 (m, 3 H),
3.60-3.74 (m, 2 H), 4.03 (m, 4 H), 4.38-4.51 (m, 1 H), 4.71-
4.81 (m, 1 H), 7.04-7.18 (m, 1 H), 7.18-7.45 (m, 6 H), 7.51-
7.59 (m, 1 H), 7.62-7.73 (m, 1 H), 7.78-7.93 (m, 1 H), 8.58-
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9.02 (m, 1 H), 11.41-11.60 (m, 1 H). ESI-MS m/z [M+H]* 'H NMR (400 MHz, DMSO-dy)  3.14-3.31 (m, 2 H),
cale’d for C,5H,,N;0,, 426.19; found 426.4. 3.69-3.80 (m, 3 H), 4.03 (m, 4 H), 4.33-4.55 (m, 1 H), 4.70-
Example 49 4.82 (m, 1 H), 6.88-7.09 (m, 1 H), 7.09-7.21 (m, 1 H), 7.21-

7.40 (m, 2 H), 7.42-7.61 (m, 2 H), 7.61-7.72 (m, 1 H), 7.78-
8.00 (m, 1 H), 8.58-8.96 (m, 1 H), 11.34-11.65 (m, 1 H).

w

1-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4 ]ox-

azino|[3,4-h]pteridin-5(6H)-yl)-2-(thiophen-2-yl) ESI-MS mv/z [M+H]" calc’d for C,3H,,N5O,8, 432.14;
ethanone found 432.3.
O

1-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4 ]ox-
azino|3,4-h|pteridin-5(6H)-yl)-2-(benzofuran-3-yl)

j 10 Example 52
N
N
8 | | Xy — 15 ethanone
\ o) / NH
N

'H NMR (400 MHz, DMSO-d,) & 3.16-3.28 (m, 3 H), *° j
3.67-3.83 (m, 2 H), 3.96-4.12 (m, 2 H), 4.21-4.34 (m, 2 H),
4.38-4.54 (m, 1 H), 4.70-4.82 (m, 1 H), 6.78-7.09 (m, 3 H), N
7.12-7.32 (m, 2 H), 7.35-7.49 (m, 1 H), 7.49-7.56 (m, 1 H), N
7.57-7.70 (m, 1 H), 7.81-8.05 (m, 1 H), 11.32-11.59 (m, 1 H). XN _
ESI-MS m/z [M+H]* calc’d for C,,H,,NO,S, 432.14; 25 |
found 432.3. 5 0 7 Nit
N
Example 50
1-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4 ]ox-
azino|3,4-h|pteridin-5(6H)-yl)-2-(3-methoxyphenyl) 10
ethanone
© 'H NMR (400 MHz, DMSO-d,) & 3.31-3.38 (m, 3 H),
45 347-3.65 (m, 1 H), 3.78-3.95 (m, 1 H), 3.99-4.26 (m, 4 H),
N 4.43-4.60 (m, 1 H), 4.70-4.84 (m, 1 H), 7.05-7.39 (m, 4 H),
7.43-7.72 (m, 4 H), 7.75-8.07 (m, 2 H), 8.52-8.91 (m, 1 H),
O N 11.31-11.59 (m, 1 H). ESI-MS m/z [M+H]* calc’d for
x
H;C | N = C,,H,,N;05, 466.18; found 466.3.
0 P NH - 40
N Example 53
'H NMR (400 MHz, DMSO-d,) & 3.12-3.28 (m, 2 H), benzyl 2-(1H-indol-4-y1)-6a,7.9,10-tetrahydro-[1,4]
330-3.45 (m, 4 H), 3.64-3.85 (m, 2 H), 3.95-4.11 (m, 4 H), 45 oxazino|[3.4-h|pteridine-5(6H)-carboxylate

436-4.52 (m, 1 H), 4.70-4.81 (m, 1 H), 6.60-7.00 (m, 3 H),
7.06-7.36 (m, 3 H), 7.48-7.73 (m, 2 H), 7.78-7.98 (m, 1 H),
8.54-8.93 (m, 1 H), 11.39-11.60 (m, 1 H). ESI-MS m/z
[M+H]* calc’d for C,;H,sN;O;, 456.20; found 456.4. O

Example 51

1-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4 ]ox-
azino|3,4-h]pteridin-5(6H)-y1)-2-(thiophen-3-yl1)
ethanone

Nj
o) N
\ﬂ/ XN -
55 |
(0] O )\6}]}[
N

Nj
N
/ Xy _ {1 NMR (400 MHz, DMSO-d) & 3.08-3.27 (m, 3 H),
| | - 3.47-3.59 (m, 1 H), 3.60-3.69 (m, 1 H), 3.98-4.08 (m, 2 H),
S 0 7 430-437 (m, 1 H), 4.64-4.74 (m, 1 H), 5.25 (s, 2 H), 7.09-
65 7.21(m, 1H),7.41 (m, 8 H),7.95-8.07 (m, 1 H), 8.58-8.79 (m,

1 H), 11.19-11.27 (m, 1 H). ESI-MS m/z [M+H]* calc’d for
C55H,5N, 05, 442.18; found 442.3.
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Example 54

2-(2,6-difluorophenyl)-1-(2-(indolin-4-y1)-6a,7,9,10-
tetrahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-y1)
ethanone

F N
¥ SN —
S | _ NI
F N

'H NMR (400 MHz, DMSO-d,) § 3.30-3.52 (m, 5 H),
3.99-4.16 (m, 3 H), 4.16-4.28 (m, 1 H), 4.43-4.60 (m, 1 H),
4.72-4.86 (m, 1 H), 6.91-7.32 (m, 4 H), 7.32-7.49 (m, 1 H),
7.49-7.73 (m, 2 H), 7.77-8.06 (m, 1 H), 8.55-8.90 (m, 1 H),
11.29-11.58 (m, 1 H). BSI-MS m/z [M+H]* calc’d for
C,sH,,F,N,0,, 462.17; found 462.3.

Example 55

1-(2-(2-(difluoromethyl)-1H-benzo|[c]imidazol-1-yl)-
6a,7,9,10-tetrahydro-| 1,4]oxazino[3,4-h|pteridin-5
(6H)-yl)ethanone
Oj
N
H;C N
3 \”/ | Xy
0 )\
N N
S
F N
F
To a 5 mL. microwave vial equipped with a magnetic stir-
bar were added 1-(2-chloro-6a,7,9,10-tetrahydro-[1,4]ox-
azino|3,4-h|pteridin-5(6H)-yl)ethanone (300 mg, 1.116

mmol), 2-(difluoromethyl)-1H-benzo[d]imidazole (179 mg,
1.063 mmol), tris(dibenzylideneacetone)dipalladium(0)
(38.9 mg, 0.043 mmol) and cesium carbonate (520 mg, 1.595
mmol). The vial was evacuated and filled with nitrogen four
times and then sealed. DMF (2.1 mL) was added to give an
orange suspension, which was heated to 140° C. for 45 min-
utes. The reaction mixture was heated for an additional 30
minutes, was subsequently diluted with ACN (3 mL), and was
passed through a syringe filter. The filtrate was directly puri-
fied by preparatory HPLC using a gradient of 40-60%
CH,CN (with 0.035% TFA) in H,O (with 0.05% TFA). Lyo-
philization of the collected fractions gave a TFA salt of the

20

25

55

65

104
title compound (135 mg, 31.7%). ESI-MS m/z [M+H]" calc’d
for C,oH,F,N,O,, 401.15; found 401.3.

Example 56

1-(2-(2-methyl-1H-benzo[d]imidazol-1-y1)-6a,7,9,
10-tetrahydro-[ 1,4]oxazino|[3,4-h]pteridin-5(6H)-yl)

ethanone
Oj
N
H3C\”/N Ny
o | )\
N N

To a 5 mL microwave vial were added tris(dibenzylidene-
acetone)dipalladium(0) (38.9 mg, 0.043 mmol), 2-dicyclo-
hexylphosphino-2',4',6'-triisopropyl-1,1'-biphenyl (40.6 mg,
0.085 mmol), 1-(2-chloro-6a,7,9,10-tetrahydro-[1,4]oxazino
[3,4-h]pteridin-5(6H)-yl)ethanone (300 mg, 1.116 mmol),
2-methyl-1H-benzo[d]imidazole (141 mg, 1.063 mmol) and
cesium carbonate (520 mg, 1.595 mmol). The vial was evacu-
ated, filled with nitrogen, and sealed. DMF (2.1 mL) was
added to give a dark brown suspension, which was heated in
amicrowave at 130° C. for 45 minutes. After cooling, DMF (2
ml) and ACN (4 mL) were added to the mixture, which was
subsequently passed through a syringe filter. The crude prod-
uct was purified by preparatory HPLC using a gradient of
15-40% CH;CN (with 0.035% TFA) in H,O (with 0.05%
TFA). Lyophilization of the collected fractions gave a TFA
salt of the title compound (241 mg, 47.4%). 'H NMR
(DMSO-dy) 8 2.22 (s, 3H), 2.80-2.89 (m, 3H), 3.07-3.21 (m,
2H), 3.39-3.51 (m, 1H), 3.66 (br s, 1H), 3.96 (ddd, J=19.8,
11.4, 3.2 Hz, 2H), 4.09-4.56 (m, 2H), 7.26-7.39 (m, 2H),
7.62-7.69 (m, 1H), 8.06-8.14 (m, 1H), 8.26-8.92 (m, 1H).
ESI-MS m/z [M+H]* calc’d for C,gH,NO,, 365.16; found
365.3.

Example 57
tert-butyl ((1r,4r)-4-((2-(1H-indol-4-y1)-6a,7,9,10-

tetrahydro-[1,4]oxazino|3,4-h]pteridin-5(6H)-yl)
methyl)cyclohexyl)carbamate

]

N

H3
H3C

CHj3 O "y /

P NH

N
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To a microwave vial were added tert-butyl (1r,4r)-4-((2-
chloro-6a,7,9,10-tetrahydro-[1,4]oxazino[3,4-h|pteridin-5
(6H)-yD)methyl)cyclohexylcarbamate (PREPARATION %23,
31 mg, 0.071 mmol), 1H-indol-4-ylboronic acid (22.79 mg,
0.142 mmol) and PdCl,(dppf)-DCM (2.89 mg, 3.54 pmol) in
dioxane (1.1 mL) and aqueous saturated NaHCO; (0.223
mL). The reaction mixture was heated in microwave at 100°
C. for 1 hour. The mixture was subsequently filtered and the
filtrate was purified by preparatory HPLC using a gradient of
65-90% ACN in H,O with 10 mmol NH,HCO;. The pure
fractions were combined and lyophilized to give the title
compound as a yellow solid (2 mg, 5.4%). 'H NMR (500
MHz, DMSO-d,) § 1.00-1.18 (m, 4 H), 1.37 (s, 9 H), 1.66 (d,
J=10.25 Hz, 1 H), 1.76 (d, J=6.83 Hz, 5 H), 2.98-3.08 (m, 2
H), 3.09-3.14 (m, 2 H), 3.16-3.21 (m, 2 H), 3.49-3.60 (m, 2
H),3.93 (dd, J=10.98,3.17 Hz, 1 H), 4.05 (dd, J=11.23,3.42
Hz, 1H), 4.47-4.52 (m, 1 H), 6.70 (d, J=8.30Hz, 1 H), 7.11 (1,
J=7.81 Hz, 1 H), 7.32-7.34 (m, 1 H), 7.35-7.36 (m, 1 H),
7.37-7.40 (m, 1 H),7.76 (s, 1 H),7.92 (dd, J=7.32,0.98 Hz, 1
H), 11.08 (s, 1 H). ESI-MS m/z [M+H]* calc’d for
C,oH;4NO;, 519.3; found 519.5.

Example 58

(1r,4r)-4-((2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,
4]oxazino[3,4-h]pteridin-5(6H)-yl)methyl)cyclohex-

anamine
O
N, j
N
N
4y, " / \ N
NH
/
N

To a solution of tert-butyl (1r,4r)-4-((2-(1H-indol-4-y1)-6a,
7,9,10-tetrahydro-[ 1,4]oxazino| 3,4-h]pteridin-5(6H)-y)me-
thyl)cyclohexylcarbamate (EXAMPLE 57, 10 mg, 0.019
mmol) in DCM (1 mL) was added TFA (1 mL, 12.98 mmol)
at ambient temperature under nitrogen. The reaction mixture
was stirred for 1 hour and then concentrated in vacuo. The
crude material was purified by preparatory HPL.C using a
gradient of 15-40% CH;CN (with 0.035% TFA) in H,O (with
0.05% TFA). The fractions were collected and concentrated
in vacuo to give a TFA salt of the title compound as a yellow
solid (6 mg, 74%). "H NMR (500 MHz, CD,0D) 8 1.20-1.30
(m, 2 H), 1.33 (1, J=7.32 Hz, 1 H), 1.37-1.40 (m, 1 H),
1.41-1.50 (m, 2 H), 1.87 (ddd, J=11.23, 7.81,3.91 Hz, 1 H),
1.99 (d, J=11.23 Hz, 2 H), 2.09-2.15 (m, 2 H), 3.08-3.16 (m,
2 H), 3.18-3.28 (m, 3 H), 3.37-3.44 (m, 2 H), 3.53 (dd,
J=12.20, 439 Hz, 1 H), 3.72 (td, J=11.96, 2.93 Hz, 1 H),
3.97-4.03 (m, 1 H),4.09(dd, J=11.23,3.42Hz, 1 H), 4.16 (dd,
J=11.72,3.91 Hz, 1 H), 4.94-4.99 (m, 1 H), 7.04 (dd, ]=2.93,
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0.98 Hz, 1 H), 7.32 (1, J=7.81 Hz, 1 H), 7.46 (s, 1 H), 7.50 (d,
J=3.42Hz, 1 H),7.59-7.62 (m, 1 H), 7.70 (d, J=7.81 Hz, 1 H).
ESI-MS m/z [M+H]" calc’d for C, ,H; N0, 419.25; found
419.6.

Example 59

3-((2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4 ] ox-
azino[3,4-h]pteridin-5(6H)-yl)methyl)benzonitrile

O

Nj
N
>
N& \ﬁ\)l‘]\(g\m[
P
N

The title compound was prepared in a manner similar to
EXAMPLE 3 using 3-((2-chloro-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-yl)methyl)benzonitrile
(PREPARATION x14, 59 mg, 0.173 mmol), PdCl,(dppf)
(6.32 mg, 8.63 pmol) and 1H-indol-4-ylboronic acid (55.6
mg, 0.345 mmol) in dioxane (2 mL) and aqueous saturated
NaHCO, (0.4 mL). "H NMR (400 MHz, DMSO-dy) 8 3.16-
3.32 (m, 3 H), 3.55-3.66 (m, 2 H), 3.92-4.06 (m, 2 H), 4.07-
4.16 (m, 1 H), 4.57-4.78 (m, 3 H), 6.96-7.07 (m, 1 H), 7.20-
7.32 (m, 1 H), 7.40-7.48 (m, 1 H), 7.52-7.69 (m, 4 H), 7.71-
7.84 (m, 2 H), 7.85-7.93 (m, 1 H), 11.45-11.59 (m, 1 H).
ESI-MS m/z [M+H]" calc’d for C,5H,,NO, 423.19; found
4233.

Example 60

3-((2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4 ] ox-
azino|3,4-h]pteridin-5(6H)-yl)methyl)-4-fluoroben-
Zonitrile

O

F j
N
N
=
Z \ﬁ\/Nk(S\NH
Z
N

The title compound was prepared in a manner similar to
EXAMPLE 3 using 3-((2-chloro-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-yl)methyl)-4-fluorobenzoni-
trile (PREPARATION x15, 73 mg, 0.203 mmol), PdCl,
(dpp?) (7.42 mg, 10.14 umol) and 1H-indol-4-ylboronic acid
(65.3 mg, 0.406 mmol) in dioxane (2 mL) and aqueous satu-
rated NaHCO, (0.4 mL). "H NMR (400 MHz, DMSO-d,) §
3.18-3.30 (m, 3 H), 3.46-3.53 (m, 1 H), 3.56-3.67 (m, 1 H),
3.92-4.05 (m, 2 H), 4.07-4.17 (m, 1 H), 4.58-4.78 (m, 3 H),
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6.98-7.08 (m, 1 H), 7.22-7.32 (m, 1 H), 7.48-7.60 (m, 3 H),
7.60-7.70 (m, 2 H), 7.89-8.03 (m, 2 H), 11.47-11.58 (m, 1 H).
ESI-MS m/z [M+H]* calc’d for C,5H,,FNO, 441.18; found
441.3.

Example 61

1-(4-(5-benzyl-5,6,6a,7,9,10-hexahydro-[1,4]Joxazino
[3,4-h]pteridin-2-yl)phenyl)-3-methylurea

N
N | \N
)\@\
N O
)I\ CH
N N/
H H

5-Benzyl-2-chloro-5,6,6a,7,9,10-hexahydro-[1,4]oxazino
[3,4-h]pteridine (PREPARATION x16, 55 mg, 0.174 mmol),
1-methyl-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylphenyljurea (96 mg, 0.347 mmol) and PdCl,(dppf) (6.35
mg, 8.68 umol) were partially dissolved in dioxane (1.5 mL)
and aqueous saturated NaHCO; (0.3 mL). The resulting
brown suspension was heated to 100° C. and stirred over-
night. The reaction mixture was subsequently diluted with
ethyl acetate and washed with aqueous saturated NH,Cl
(3x15 mL). The combined organic layers were dried over
MgSO,, filtered, and concentrated in vacuo. The product was
purified by LC/MS using a gradient of 25-50% CH,CN (with
0.035% TFA) in H,O (with 0.05% TFA). The pure fractions
were combined and lyophilized to afford a TFA salt of the title
compound as an off-white solid (4 mg, 5%). "H NMR (400
MHz, DMSO-d) 8 2.59-2.73 (m, 3 H), 3.04-3.21 (m, 3 H),
3.48-3.66 (m, 2 H), 3.78-4.14 (m, 3 H), 4.41-4.62 (m, 2 H),
4.69-4.87 (m, 1 H), 6.06-6.27 (m, 1 H), 7.37 (m, 6 H), 7.49-
7.64 (m,2H),7.91-8.13 (m, 2 H), 8.80-9.02 (m, 1 H). ESI-MS
m/z [M+H]* cale’d for C,,H,4NO,, 431.21; found 431.5.

The compounds of EXAMPLES 62 through 64, below,
were prepared as shown in Scheme I, following the proce-
dures described in PREPARATION x16 for the (i) alkylation
and EXAMPLE 61 for the (ii) Suzuki coupling.

Scheme I
Oj Oj
N . N .
i ii
—_— —_—
HN N
| N R | N
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N Cl N Cl
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-continued

b

N

B
)\@\
N o]
J]\ CH;
N N/
H H

Reaction conditions: (i) starting material (a) (82 mg, 0.36
mmol), R—Br (0.39 mmol) and N,N-diisopropylethylamine
(0.08 mL, 0.43 mmol) in DMF (2 mL) at room temperature
for 48 hours; (ii) (b) (1.0 equivalent), 1-methyl-3-(4-(4,4,5,
S-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)urea (2.0
equivalents), and PdCl,(dppf) (0.051 equivalents) in a 5:1
mixture of dioxane and aqueous saturated NaHCO; (0.094 M
of b) at 100° C. for 18 hours. The title compounds were
isolated as TFA salts.

Example 62

1-methyl-3-(4-(5-(4-methylbenzyl)-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)phenyl)
urea

O

0
Jk cH

N N~

i i

'"H NMR (400 MHz, DMSO-dy) 8 2.29 (s, 3 H), 2.62-2.69
(d,3H),3.04-3.15(m, 1 H),3.31-3.45 (m, 3 H), 3.51-3.63 (m,
1H),3.92-4.11 (m, 3 H), 4.40-4.58 (m, 2 H), 4.77-4.89 (m, 1
H), 6.16-6.29 (m, 1 H), 7.13-7.31 (m, 4 H), 7.33-7.41 (m, 1
H), 7.54-7.63 (m, 2 H), 7.97-8.08 (m, 2 H), 8.93-9.04 (m, 1
H). ESI-MS m/z [M+H]* calc’d for C,5H,gNO,, 445.23;
found 445.5.

Example 63

1-(4-(5-(4-chlorobenzyl)-5,6,6a,7,9,10-hexahydro-
[1,4]oxazino[3,4-h]pteridin-2-yl)phenyl)-3-methy-
lurea

@£
O
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'H NMR (400 MHz, DMSO-dy) 8 2.62-2.69 (m, 3 H),
3.05-3.16 (m, 1 H), 3.31-3.45 (m, 3 H), 3.50-3.62 (m, 1 H),
3.83-4.11 (m, 3 H), 4.45-4.60 (m, 2 H), 4.75-4.86 (m, 1 H),
6.11-6.23 (m, 1 H), 7.33-7.50 (m, 5 H), 7.50-7.62 (m, 2 H),
7.97-8.09 (m, 2 H), 8.84-9.01 (br s, 1 H). ESI-MS nv/z
[M+H]* cale’d for C,,H,sCINO,, 465.17; found 465 4.

Example 64

1-(4-(5-(cyclopropylmethyl)-5,6,6a,7,9,10-hexahy-
dro-[1,4]oxazino| 3,4-h]pteridin-2-yl)phenyl)-3-me-
thylurea

O

Nj
%N\K\N
)\@\
N 0
)J\ CH
N N~ ’
H H

'H NMR (400 MHz, DMSO-dy) 8 0.23-0.35 (m, 2 H),
0.51-0.60 (m, 2 H), 0.98-1.10 (m, 1 H), 2.66 (d, J=4.55Hz, 3
H), 2.97-3.14 (m, 2 H), 3.16-3.35 (m, 3 H), 3.49-3.61 (m, 3
H), 3.82-3.92 (m, 2 H), 3.97-4.10 (m, 2 H), 4.77-4.87 (m, 1
H), 6.18-6.27 (m, 1 H), 7.51 (s, 1 H), 7.58 (d, J=9.09 Hz, 2 H),
8.05 (d, J=8.84 Hz, 2 H), 8.94-9.04 (m, 1 H). ESI-MS nv/z
[M+H]* cale’d for C,;H, N O,, 395.21; found 395 4.

Example 65

2-(1H-pyrrolo[2,3-b|pyridin-3-yl1)-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h|pteridine

]
HN|\N
N/ | \1\{
NH

A mixture of 2-chloro-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino[3,4-h]pteridine (PREPARATION x2, 50 mg, 0.221
mmol), tert-butyl 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-y1)-1H-pyrrolo[2,3-b|pyridine-1-carboxylate (114 mg,
0.331 mmol) and PdCl,(dppf) (8.07 mg, 0.011 mmol) were
partially dissolved in dioxane (2 mlL.) and aqueous saturated
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NaHCO; (0.4 mL). The resulting brown suspension was
stirred overnight at 100° C. By the following day, the coupling
reaction was complete and the BOC group had also been
removed. The reaction mixture was subsequently diluted with
ethyl acetate and washed with brine (3x10 mL). The com-
bined organic layers were dried over MgSQO,, filtered, and
concentrated in vacuo. The product was first purified by
LC/MS using a gradient of 0-30% CH,CN (with 0.035%
TFA) in H,O (with 0.05% TFA). The product and the starting
material co-eluted, yielding no pure fractions. The fractions
which contained product were concentrated and lyophilized
to give a yellow solid, which was re-purified via LC/MS using
a 15-40% gradient of CH,CN in H,O with 10 mmol
NH,HCO;. The pure fractions were combined and lyo-
philized to give the title compound as a white solid (10 mg,
15%). "H NMR (400 MHz, DMSO-d,) 8 2.89-3.08 (m, 2 H),
3.12-3.26 (m, 1 H), 3.39-3.52 (m, 2 H), 3.52-3.67 (m, 1 H),
3.83-4.14 (m, 2 H), 4.45-4.63 (m, 1 H), 5.60-5.80 (m, 1 H),
7.04-7.23 (m, 1 H), 7.53-7.68 (m, 1 H), 7.91-8.03 (m, 1 H),
8.13-8.30 (m, 1 H), 8.59-8.78 (m, 1 H), 11.70-11.88 (m, 1 H).
ESI-MS m/z [M+H]" calc’d for C, ;H; [NO, 309.14; found
309.3.

Example 66

2-(benzo[c][1,3]dioxol-4-y1)-5,6,6a,7,9,10-hexahy-
dro-[1,4]oxazino| 3,4-h]pteridine

)
N
N
SN 0
Uwe
N

A mixture of 2-chloro-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino[3,4-h]pteridine (PREPARATION x2, 50 mg, 0.221
mmol), benzo[c][1,3]dioxol-4-ylboronic acid (54.9 mg,
0.331 mmol) (54.9 mg, 0.331 mmol) and PdCl,(dppf) (8.07
mg, 0.011 mmol) were partially dissolved in dioxane (2 mL.)
and aqueous saturated NaHCO; (0.4 mL). The resulting
brown suspension was stirred overnight at 100° C. The reac-
tion mixture was subsequently diluted with ethyl acetate and
washed with aqueous saturated NH,CI (3x5 mL). The com-
bined organic layers were dried over MgSO,,, filtered, and
concentrated in vacuo. The product was purified by LC/MS
using a gradient of 15-45% CH;CN (with 0.035% TFA) in
H,O (with 0.05% TFA). Product containing fractions were
pooled, concentrated, and repurified by column chromatog-
raphy using a gradient of 25-55% CH,CN in H,O (10 mM
(NH,),CO;). The pure fractions were combined and lyo-
philized to afford the title compound as a white solid (3.4 mg,
5%). 'H NMR (400 MHz, DMSO-d,) § 2.84-3.02 (m, 2 H),
3.10-3.20 (m, 1 H), 3.37-3.59 (m, 5 H), 3.85-4.04 (m, 2 H),
4.40-4.53 (m, 1 H), 5.95-6.08 (m, 3 H), 6.78-6.93 (m, 2 H),
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7.52-7.60 (m, 1 H), 7.60-7.66 (m, 1 H). ESI-MS m/z [M+H]*
calc’d for C,(H,;N,O;, 313.12; found 313.3.

Example 67
(R)-2-(2-(difluoromethyl)-1H-benzo[ d]imidazol-1-

y1)-5-(4-(methylsulfonyl)benzyl)-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h|pteridine

o
H3C\S//O
g

A mixture of (R)-2-chloro-5-(4-(methylsulfonyl)benzyl)- 2

5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h]pteridine
(PREPARATION x10 50 mg, 0.127 mmol), 2-(difluorom-
ethyl)-1H-benzo[d]imidazole (21.29 mg, 0.127 mmol),
cesium carbonate (61.9 mg, 0.190 mmol), tris(dibenzylide-
neacetone)dipalladium(0) (4.64 mg, 5.06 pmol) and 2-dicy-
clohexylphosphino-2',4',6'-triisopropyl-1,1'-biphenyl (4.83
mg, 10.13 umol) in DMF 253 ulL was heated to 130° C. in a
microwave for 40 minutes. Additional tris(dibenzylideneac-
etone)dipalladium(0) (4.64 mg, 5.06 umol) and 2-dicyclo-
hexylphosphino-2',4',6'-triisopropyl-1,1'-biphenyl (4.83 mg,
10.13 umol) were added, and the reaction mixture was heated
to 130° C. in a microwave for 1 hour. EtOAc and water were
added and the mixture was filtered through Celite and
extracted with EtOAc (2x). The combined extracts were
washed with brine, dried over Na,SO,, filtered, and concen-
trated in vacuo. The residue was purified by column chroma-
tography (SiO,—NH,, 30-100% EtOAc/hexane gradient) to
afford the title compound as a yellow solid (14.3 mg, 21.4%).
'"H NMR (400 MHz, CDCl5) 3 3.08 (s, 3 H), 3.19-3.38 (m, 4
H), 3.68 (td, I=12.00, 2.78 Hz, 1 H), 3.83-3.92 (m, 1 H),
3.94-4.02 (m, 1 H), 4.11-4.20 (m, 1 H), 4.44-4.63 (m, 3 H),
7.36-7.75 (m, 6 H), 7.93-8.01 (m, 3 H), 8.17-8.23 (m, 1 H).
ESI-MS m/z [M+H]* calc’d for C,sH,,F,N,O;8S, 527.16;
found 527.3.

Example 68

(R)-tert-butyl 2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahy-
dro-[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)acetate

=/O

CH; O N
H3C§\ )k/
N
H,C 0 | SN —
P NH
N
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A mixture of (R)-tert-butyl 2-(2-chloro-6a,7,9,10-tetrahy-
dro-[1,4]oxazino| 3,4-h]pteridin-5(6H)-yl)acetate (PREPA-
RATION x24, 100 mg, 0.293 mmol), indole-4-boronic acid
(70.8 mg, 0.440 mmol), tetrakis(triphenylphosphine)palla-
dium(0) (33.9 mg, 0.029 mmol) and sodium carbonate (62.2
mg, 0.587 mmol) in 1,4-dioxane (1 mL) and water (0.5 mL)
was heated to 120° C. for 30 minutes in a microwave. After
cooling to room temperature, the reaction mixture was diluted
with EtOAc, filtered through Celite, washed with water and
brine, dried over Na,SO,, filtered, and concentrated in vacuo.
The residue was purified by column chromatography (SiO,,
20-80% EtOAc/hexane gradient) to afford the title compound
as an off-white solid (110 mg, 89%). 'H NMR (400 MHz,
CDCl,) 6 1.48 (s, 9 H), 3.07-3.36 (m, 3 H), 3.42-3.51 (m, 1
H), 3.62-3.79 (m, 3 H), 3.93 (dd, J=10.86, 3.28 Hz, 1 H),
4.01-4.16 (m, 2 H), 4.77 (dd, J=13.39, 2.02 Hz, 1 H), 7.22-
731 (m, 2 H), 7.39-7.46 (m, 2 H), 7.66 (s, 1 H), 8.01 (dd,
J=7.45,0.88 Hz, 1 H), 8.26 (br s, 1H). ESI-MS m/z [M+H]*
calc’d for C,5H,,NsO5, 422.21; found 422.3.

Example 69

(R)-2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-yl)acetic acid

/O

0 (\N
N
Ho)J\/ | AN ——
/k&NH
N

A mixture of (R)-tert-butyl 2-(2-(1H-indol-4-y1)-6a,7.9,
10-tetrahydro-[1,4]oxazino|3,4-h]pteridin-5(6H)-yl)acetate
(250 mg, 0.593 mmol), HC1 (4M in 1,4-dioxane) (10 mL., 40.0
mmol) and 1 N hydrochloric acid (2 mL, 2 mmol) was stirred
at 70° C. for 1 hour. The mixture was subsequently concen-
trated in vacuo to give an HCI salt of the title compound as a
brown solid (245 mg, 103%). 'H NMR (400 MHz, DMSO-
de) 83.17-3.74 (m, 5 H), 3.90-4.03 (m, 2 H), 4.06-4.17 (m, 2
H), 4.46 (d, J=18.19 Hz, 1 H), 4.73 (d, J=12.13 Hz, 1 H), 7.00
(brs, 1 H),7.29 (t, I=7.83 Hz, 1 H), 7.52-7.62 (m, 2 H), 7.69
(d, I=7.83 Hz, 2 H), 11.61 (brs, 1 H), 13.14 (brs, 1 H) 14.22
(br s, 1 H). ESI-MS m/z [M+H]* calc’d for C,H, N.O;,
366.15; found 366.2.

Example 70

(R)-2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-y1)-N-(cyclopropylm-

ethyl)acetamide

-

0 (\N

N
N AN

: |
)\&NH

N
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To a mixture of (R)-2-(2-(1H-indol-4-yl)-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h|pteridin-5(6H)-yl)acetic  acid,
HCI (60 mg, 0.149 mmol), cyclopropanemethylamine (0.019
ml, 0.224 mmol) and Et;N (0.062 mL, 0.448 mmol) in DMF
(1 mL) was added HATU (73.8 mg, 0.194 mmol) at room
temperature. The resulting mixture was stirred at room tem-
perature for 1 hour, diluted with EtOAc, washed with aqueous
saturated NaHCO, and brine, dried over Na,SO,,, filtered, and
concentrated in vacuo. The residue was purified by column
chromatography (SiO,—NH, 0-10% MeOH/CHCI; gradi-
ent) and recrystallized from MeOH/EtOAc to give the title
compound as a white solid (6 mg, 9.6%). "HNMR (400 MHz,
DMSO-dy) 8 0.13-0.20 (m, 2 H), 0.37-0.44 (m, 2 H), 0.93 (s,
1H),2.93-3.10 (m, 3 H), 3.15-3.37 (m, 3 H), 3.53-3.69 (m, 2
H),3.79 (d, J=17.18 Hz, 1 H), 3.91 (s, 1 H), 4.00-4.11 (m, 2
H), 4.55 (d, I=13.39 Hz, 1 H), 7.11 (1, J=7.83 Hz, 1 H),
7.28-7.43 (m, 3 H), 7.58 (s, 1 H), 7.92 (d, J=7.33 Hz, 1 H),
8.16 (t, I=5.81 Hz, 1 H), 11.11 (br s, 1 H). ESI-MS nv/z
[M+H]* cale’d for C,3H, N O,, 419.21; found 419.3.

Example 71

(R)-2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h|pteridin-5(6H)-y1)-N-(2-hydroxy-2-
methylpropyl)acetamide

O

0 (\N
o J !
K N
md o | _ NI
N

To a mixture of (R)-2-(2-(1H-indol-4-yl)-6a,7,9,10-tet-
rahydro-[1.4]oxazino|[3,4-h]pteridin-5(6H)-yl)acetic
HCl (60 mg, 0.149 mmol), 1-amino-2-methyl-propan-2-ol
(19.96 mg, 0.224 mmol) and Et;N (0.062 mL, 0.448 mmol) in
DMF (1 mlL) was added HATU (73.8 mg, 0.194 mmol) at
room temperature. The resulting mixture was stirred at room
temperature for 1 hour, diluted with EtOAc, washed with
aqueous saturated NaHCO; and brine, dried over Na,SO,,

acid,

filtered, and concentrated in vacuo. The residue was purified
by column chromatography (SIO,—NH, 0-10% MeOH/
CHCI, gradient) to give the title compound as an off-white
solid (23.3 mg, 35.7%). '"H NMR (400 MHz, DMSO-d) 8
1.06 (s, 6 H), 3.07 (t, J=5.81 Hz, 3 H), 3.20 (t, J=10.86 Hz, 1
H), 3.35 (d, J=6.32 Hz, 2 H), 3.51-3.66 (m, 2 H), 3.83 (d,
J=16.93 Hz, 1 H),3.91 (dd, J=11.12,3.28 Hz, 1 H), 4.03-4.17
(m, 2 H), 4.49-4.59 (m, 2 H), 7.11 (t, J=7.71 Hz, 1 H),
7.27-7.43 (m, 3 H), 7.59-7.67 (m, 1 H), 7.87-7.98 (m, 2 H),
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11.11 (br s, 1 H). ESI-MS m/z [M+H]" calc’d for
C,3H,NO;, 437.22; found 437.4.

Example 72

(R)-2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5 (6H)-yl)-N-((1H-pyrazol-3-
yDmethyl)acetamide

/O

e q

To a mixture of (R)-2-(2-(1H-indol-4-yl)-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h|pteridin-5(6H)-yl)acetic  acid,
HCl (60 mg, 0.149 mmol), H-pyrazol-3-ylmethylamine
(21.75 mg, 0.224 mmol) and Et;N (0.062 mL, 0.448 mmol) in
DMF (1 mlL) was added HATU (73.8 mg, 0.194 mmol) at
room temperature. The resulting mixture was stirred at room
temperature for 1 hour and was subsequently diluted with
EtOAc, washed with aqueous saturated NaHCO, and brine,
dried over Na,SO,, filtered, and concentrated in vacuo. The
residue was purified by column chromatography (SiO,—NH,
0-10% MeOH/CHCI, gradient) to give the title compound as
an off-white solid (34.9 mg, 52.6% yield). 'H NMR (400
MHz, DMSO-dy) 8 3.02 (s, 1 H), 3.14-3.42 (m, 3 H), 3.51-
3.72(m, 2 H),3.80-3.95 (m, 2 H),4.02-4.14 (m, 2H),4.31 (m,
J=5.05Hz, 2 H), 4.49-4.59 (m, 1 H), 6.14 (brs, 1 H), 7.12 (1,
J=7.83 Hz, 1 H), 7.30-7.32 (m, 1 H), 7.35-7.43 (m, 2 H),
7.56-7.69 (m, 2 H), 7.92 (dd, J=7.45, 0.88 Hz, 1 H), 8.47 (br
s, 1 H), 11.12 (br s, 1 H), 12.55-12.72 (m, 1 H). ESI-MS m/z
[M+H]* cale’d for C,3H,,N;O,, 445.20; found 445.3.

Example 73

(R)-2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-y1)-N-((tetrahydro-2H-
pyran-4-yl)methyl)acetamide

/O

) (\N
N
N)k/ Ny _
. |
5 _ NI
N

To a mixture of (R)-2-(2-(1H-indol-4-yl)-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h|pteridin-5(6H)-yl)acetic  acid,
HCI (60 mg, 0.149 mmol), 4-aminomethyltetrahydropyran
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(25.8 mg, 0.224 mmol) and Et;N (0.062 mL, 0.448 mmol) in
DMF (1 mlL) was added HATU (73.8 mg, 0.194 mmol) at
room temperature. The resulting mixture was stirred at room
temperature for 1 hour, diluted with EtOAc, washed with
aqueous saturated NaHCO; and brine, dried over Na,SO,,
filtered, and concentrated in vacuo. The residue was purified
by column chromatography (SiO,—NH, 0-10% MeOH/
CHCI, gradient) to give the title compound as an off-white
solid (14.5 mg, 21%). '"H NMR (400 MHz, DMSO-d,) 8
1.07-1.22 (m, 2 H), 1.50-1.74 (m, 3 H), 2.93-3.09 (m, 3 H),
3.15-3.37 (m, 5 H), 3.53-3.69 (m, 2 H), 3.76-3.86 (m, 3 H),
3.91(dd,J=11.12,3.28 Hz, 1 H),3.99-4.12 (m, 2 H), 4.54 (m,
J=11.37Hz,1H),7.11 (t,J=7.71 Hz, 1 H), 7.30 (t, J=2.15 Hz,

116
1H),7.34-7.42 (m, 2 H), 7.58 (s, 1 H), 7.91 (dd, ]=7.45, 0.88
Hz, 1 H), 8.10 (t, J=5.94 Hz, 1 H), 11.11 (br s, 1 H). ESI-MS
m/z [M+H]* calc’d for C,5H;NO;, 463.24; found 463.4.

5

The compounds of EXAMPLES 74 through 79, below,
were prepared as shown in Scheme J, following the proce-
dures described in PREPARATION x9 for the (i) alkylation,
PREPARATION x18 for (ii) conversion of the nitrile to the
amide, and EXAMPLE 61 for the (iii) Suzuki coupling. The
title compounds were isolated as TFA salts.

10

Scheme J

[\ﬁ\/m
N/// A

o) o)
R
L —— 2
" Ny 1 / 7 : Ny
| N/ cl N// | N/ Cl
o) o)
R' ) R' )
[\ AN N i [\ X N
H,N Z N\f\N — H2N~< # N | XN
0 N/k&NH 0 N/ cl
£



US 9,045,496 B2

117

Reaction conditions: (i) starting material (a) (100 mg,
0.441 mmol), (d) (0.485 mmol), and sodium tert-butoxide
(50.9 mg, 0.529 mmol) in DMSO (2.5 mL) at room tempera-
ture for 18 hours; (ii) (e) (1.0 equivalents) in concentrated
H,S0, (0.1 M of e) at room temperature for 18 hours; and (iii)
(® (1.0 equivalents), 1H-indol-4-ylboronic acid (2.0 equiva-
lents), PACL,(dppf) (0.05 equivalents) in 5:1 mixture of diox-
ane and aqueous saturated NaHCO; (0.13 M of f) at 100° C.
for 18 hours.

Example 74

2-((2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4]ox-
azino[3,4-h]pteridin-5(6H)-yl)methyl)benzamide

N
¥ | SN —
/ﬁ NH
0 NI, N

'H NMR (400 MHz, DMSO-d,) 8 3.11-3.20 (m, 2 H),
3.30-3.40 (m, 1 H),3.55-3.66 (m, 2 H), 3.92-4.04 (m, 2 H),
4.08-4.16 (m, 1 H), 4.50-4.59 (m, 1 H), 4.70-4.83 (m, 2 H),
6.94-7.08 (m, 1 H), 7.21-7.31 (m, 1 H), 7.34-7.51 (m, 5 H),
7.51-7.72 (m, 4 H), 7.83-7.94 (m, 1 H), 11.45-11.60 (m, 1 H).
ESI-MS m/z [M+H]* calc’d for C, H, N O,, 440.20; found
440.3.

Example 75

2-((2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4]ox-
azino|3,4-h|pteridin-5(6H)-yl)methyl)-4-fluoroben-
zamide

9%55

'H NMR (400 MHz, DMSO-d,) 8 3.14-3.24 (m, 1 H),
3.30-3.40 (m, 3 H), 3.56-3.67 (m, 1 H), 3.92-4.18 (m, 3 H),
4.49-4.65 (m, 1 H), 4.67-4.87 (m, 2 H), 6.97-7.11 (m, 1 H),
7.17-7.31 (m, 2 H), 7.31-7.41 (m, 1 H), 7.41-7.48 (m, 1 H),
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7.50-7.73 (m, 5H), 7.81-8.00 (m, 1 H), 11.42-11.64 (m, 1 H).
ESI-MS m/z [M+H]* cale’d for C,;H,;FNO,, 458.19;
found 458.3.
Example 76
5
3-((2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4 ] ox-
azino[3,4-h]pteridin-5(6H)-yl)methyl)benzamide

O.
10

H,N

NH

'H NMR (400 MHz, DMSO-d,) 8 3.16-3.25 (m, 1 H),
3.30-3.40 (m, 3 H), 3.57-3.67 (m, 1 H), 3.91-4.06 (m, 2 H),
4.06-4.15 (m, 1 H), 4.55-4.69 (m, 2 H), 4.69-4.79 (m, 1 H),
6.99-7.10 (m, 1 H), 7.20-7.31 (m, 1 H), 7.38-7.71 (m, 7 H),
7.78-7.91 (m, 2 H), 7.96-8.06 (m, 1 H), 11.42-11.59 (m, 1 H).
ESI-MS m/z [M+H]* calc’d for C,H,, N O,, 440.20; found
440.3.

Example 77

3-((2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4 ] ox-
azino|3,4-h]pteridin-5(6H)-yl)methyl)-4-fluoroben-

30

zamide

0)

35

F
N
H,N N
’ Xy —
40 |
(@] = NH

N

'"HNMR (400 MHz, DMSO-d) 8 3.13-3.22 (m, 1 H), 3.28
(m, 2 H), 3.57-3.65 (m, 2 H), 3.88-4.16 (m, 3 H), 4.54-4.79
(m,3H),7.04 (brs, 1 H),7.26 (s, 1 H),7.38 (s, 1 H), 7.43-7.74
(m, SH), 7.86-7.99 (m, 2 H), 7.99-8.12 (m, 1 H), 11.45-11.62
(m, 1 H). ESI-MS m/z [M+H]* calc’d for C,;H,;FN.O,,

50 458.19; found 458.3.

Example 78
4-((2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4 ] ox-
azino[3,4-h]pteridin-5(6H)-yl)methyl)benzamide
55

O

60 HoN

NH

65
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'H NMR (400 MHz, DMSO-dy) 8 3.15-3.25 (m, 1 H),
3.30-3.40 (m, 3 H), 3.56-3.66 (m, 1 H), 3.92-4.05 (m, 2 H),
4.07-4.16 (m, 1 H), 4.57-4.70 (m, 2 H), 4.70-4.78 (m, 1 H),
6.98-7.08 (m, 1 H), 7.19-7.31 (m, 1 H), 7.33-7.42 (m, 1 H),
7.45 (s,3 H), 7.53-7.60 (m, 1 H), 7.60-7.71 (m, 2 H), 7.88 (s,
2 H),7.93-8.05 (m, 1 H), 11.44-11.61 (m, 1 H). ESI-MS nv/z
[M+H]* cale’d for C,sH,,NO,, 440.20; found 440.3.

Example 79

4-((2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4]ox-
azino[3,4-h]pteridin-5(6H)-yl)methyl)-3-methoxy-

benzamide
@)
0 CH;
(0]
H,N N
N | Xy -
= NH
N

'H NMR (400 MHz, DMSO-d,) 8 3.25-3.30 (m, 1 H),
3.31-3.40 (m, 4 H), 3.55-3.70 (m, 1 H), 3.75 (s, 3 H), 3.95-
4.06 (m, 1 H), 4.05-4.16 (m, 1 H), 4.43-4.62 (m, 2 H), 4.64-
4.79 (m, 1 H), 6.94-7.09 (m, 1 H), 7.20-7.31 (m, 1 H), 7.32-
7.76 (m, 8 H), 7.94-8.13 (m, 1 H), 11.38-11.63 (m, 1 H).
ESI-MS m/z [M+H]" cale’d for C,H, N O;, 470.21; found
471.3.

Example 80

2-(1H-indol-4-y1)-5-((6-methylpyridin-2-yl)methyl)-
5,6,6a,7,9,10-hexahydro-[ 1,4|oxazino[3,4-h]pteri-
dine

O

F Nj
X N
mC N | N o
N

The title compound was prepared in a manner similar to
EXAMPLE 3 using 2-chloro-5-((6-methylpyridin-2-yl)me-
thyl)-5,6,6a,7,9,10-hexahydro-[1,4]Joxazino[3,4-h]pteridine
(PREPARATION %28, 36 mg, 0.108 mmol), 1H-indol-4-yl-
boronic acid (34.9 mg, 0.217 mmol) and PdCL,(dppf) (7.94
mg, 10.85 umol) in dioxane (2 mL) and aqueous saturated
NaHCO, (0.4 mL). "HNMR (400 MHz, DMSO-d) 8 2.50 (s,
3 H), 3.26-3.44 (m, 3 H), 3.54-3.68 (m, 2 H), 3.95-4.06 (m, 1
H), 4.06-4.17 (m, 1 H), 4.55-4.81 (m, 4 H), 6.93-7.05 (m, 1
H), 7.20-7.37 (m, 3 H), 7.54-7.64 (m, 3 H), 7.64-7.70 (m, 1
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H), 7.70-7.81 (m, 1 H), 11.47-11.66 (m, 1 H). ESI-MS nvz
[M+H]* calc’d for C,,H,,N,O, 412.20; found 412.3.

Example 81

5-((5-cyclopropyl-1,3,4-oxadiazol-2-yl)methyl)-2-
(1H-indol-4-y1)-5,6,6a,7,9,10-hexahydro-[ 1,4]ox-
azino[3,4-h]pteridine

O

e

The title compound was prepared in a manner similar to
EXAMPLE 3 using 2-chloro-5-((6-methylpyridin-2-yl)me-
thyl)-5,6,6a,7.9,10-hexahydro-[ 1,4]Joxazino[3,4-h]pteridine
(PREPARATION x29, 36 mg, 0.108 mmol), 1H-indol-4-yl-
boronic acid (34.9 mg, 0.217 mmol) and PdCl,(dppf) (7.94
mg, 10.85 umol) in dioxane (2 mL) and aqueous saturated
NaHCO, (0.4 mL). "H NMR (400 MHz, DMSO-dy) 8 0.95-
1.04 (m, 2 H), 1.09-1.20 (m, 2 H), 2.18-2.29 (m, 1 H), 3.15-
3.40 (m, 3 H), 3.51-3.64 (m, 2 H), 3.89-4.15 (m, 3 H), 4.67-
4.82(m,2H),5.01(d,J=16.93Hz, 1 H),7.02 (brs, 1 H),7.27
(t, J=7.83 Hz, 1 H), 7.57 (t, J=2.78 Hz, 2 H), 7.66 (d, J=7.58
Hz,5H),7.77 (s, 1 H), 11.54 (brs, 1 H). ESI-MS m/z [M+H]*
calc’d for C,;H,;N,O,, 429.19; found 429.3.

Example 82

(R)-2-(2-(3-(hydroxymethyl)phenyl)-6a,7,9,10-tet-
rahydro-[1.4]oxazino[3,4-h]pteridin-5(6H)-yl1)-N-
((tetrahydro-2H-pyran-4-yl)methyl)acetamide

A mixture of (R)-2-(2-chloro-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-y1)-N-((tetrahydro-2H-pyran-
4-yDmethyl)acetamide (PREPARATION x26, 50 mg, 0.131
mmol), 3-(hydroxymethyl)phenylboronic acid (29.8 mg,
0.196 mmol), tetrakis(triphenylphospine)palladium(0)
(15.13 mg, 0.013 mmol) and sodium carbonate (27.8 mg,
0.262 mmol)in 1,4-dioxane (0.5 mL) and H,O (0.25 mL) was
heated to 120° C. in a microwave for 1 hour. After cooling to
room temperature, the reaction mixture was diluted with
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EtOAc, washed with water and brine, dried over Na,SO,,
filtered, and concentrated in vacuo. The residue was purified
by column chromatography (amine-functionalized silica,
0-10% MeOH gradient in CHCl,;) to afford the title com-
pound as an off-white solid (47.2 mg, 0.104 mmol, 79%). 'H
NMR (400 MHz, DMSO-d,) 8 1.06-1.24 (m, 2 H), 1.47-1.71
(m, 3 H), 2.92-3.03 (m, 3 H), 3.12-3.37 (m, 5 H), 3.50-3.67
(m, 2 H), 3.73-3.93 (m, 4 H), 3.98-4.07 (m, 2 H), 4.50-4.60
(m,3H),5.21(t,J=5.81 Hz, 1 H), 7.26-7.38 (m, 2 H), 7.50 (s,
1 H), 8.06-8.11 (m, 2 H), 8.18 (s, 1H). ESI-MS m/z [M+H]*
cale’d for C,,H;,NsO,, 453.24; found 454.4.

Example 83
(R)-2-(2-(3-(2-hydroxypropan-2-yl)phenyl)-6a,7,9,
10-tetrahydro-[ 1,4 ]oxazino|[3,4-h]pteridin-5(6H)-y1)-
N-((tetrahydro-2H-pyran-4-yl)methyl)acetamide

=/O

0 (\ N
N
N)k/ N OH
H | CH;
0 Z
N CH;

A mixture of (R)-2-(2-chloro-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-y1)-N-((tetrahydro-2H-pyran-
4-yDmethyl)acetamide (PREPARATION x26, 50 mg, 0.131
mmol), 2-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)
phenyl)propan-2-ol (51.5 mg, 0.196 mmol), tetrakis(triph-
enylphospine)palladium (0) (15.13 mg, 0.013 mmol) and
sodium carbonate (27.8 mg, 0.262 mmol) in 1,4-dioxane (0.5
ml.)and H,O (0.25 mL.) was heated to 120° C. in a microwave
for 1 hour. After cooling to room temperature, the reaction
mixture was diluted with EtOAc, washed with water and
brine, dried over Na,SO,, filtered, and concentrated in vacuo.
The residue was purified by column chromatography (amine-
functionalized silica, 0-10% MeOH gradient in CHCl,) to
afford the title compound as an off-white solid (43.4 mg,
0.090 mmol, 68.8%). 'H NMR (400 MHz, DMSO-d) &
1.06-1.26 (m, 2 H), 1.45 (s, 6 H), 1.48-1.71 (m, 3 H), 2.91-
3.05 (m, 3 H), 3.11-3.36 (m, 5 H), 3.50-3.67 (m, 2 H), 3.73-
3.93 (m, 4 H), 3.96-4.09 (m, 2 H), 4.56 (d, J=11.87 Hz, 1 H),
5.04(s,1H),7.31(t,J=7.71 Hz, 1 H), 7.40-7.47 (m, 1 H), 7.51
(s, 1 H), 7.99-8.12 (m, 2 H), 8.34 (s, 1 H). ESI-MS nv/z
[M+H]* cale’d for C,4,H;sNsO,, 481.27; found 482 4.

Example 84
1-(4-(5-((R)-1-(4-chlorophenyl)ethyl)-6-0x0-5,6,6a,

7,9,10-hexahydro-[1,4]oxazino|3.4-h]pteridin-2-yl)
phenyl)-3-methylurea

o
al o j
\Q\/ |
N
. Xy
éHs | Z
N 0
)J\ CH;
N N~
H H
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(R)-2-Chloro-5-(1-(4-chlorophenyl)ethyl)-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h|pteridin-6(SH)-one  (PREPA-
RATION x34, 58 mg, 0.153 mmol), 1-methyl-3-(4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)urea (84 mg,
0.306 mmol) and PdCl,(dppt) (5.60 mg, 7.65 pmol) were
suspended in dioxane (1.5 ml) and aqueous saturated
NaHCO; (0.3 mL). The resulting brown suspension was
heated to 100° C. and stirred for 18 hours. The reaction
mixture was subsequently cooled to room temperature, H,O
(3 mL) was added, and the solids were collected by vacuum
filtration. The resulting gray solid was dried under vacuum for
several hours and the crude product was purified by LC/MS
using a gradient of 25-50% CH;CN (with 0.035% TFA) in
H,O (with 0.05% TFA). The pure fractions were combined
and lyophilized to afford a TFA salt of the title compound as
an off-white solid (27 mg, 36%). '"H NMR (400 MHz,
DMSO-dy) § 1.71-1.85 (m, 3 H), 2.62-2.69 (m, 3 H), 2.96-
3.08 (m, 1 H), 3.56-3.78 (m, 2 H), 3.96-4.07 (m, 1 H), 4.18-
4.29 (m, 1 H), 4.39-4.57 (m, 2 H), 6.03-6.29 (m, 2 H), 7.32-
7.51 (m, 7 H), 8.05-8.15 (m, 2 H), 8.73-8.78 (m, 1 H).

ESI-MS m/z [M+H]" calc’d for C,sH,sCINO;, 493.17,
found 493 4.

Example 85
1-(4-(5-((S)-1-(4-chlorophenyl)ethyl)-6-0x0-5,6,6a,

7,9,10-hexahydro-[1,4]oxazino|3.4-h]pteridin-2-yl)
phenyl)-3-methylurea

cl o j
N
N
Ny
CH; | F
N o
)I\ CH;

N N~
H H

To a 2 mL microwave vial were added 2-chloro-5-((S)-1-
(4-chlorophenyl)ethyl)-6a,7,9,10-tetrahydro-| 1,4]oxazino
[3,4-h]pteridin-6(5H)-one (PREPARATION x51, 100 mg,
0.264 mmol), 1-methyl-3-(4-(4,4,5,5-tetramethyl-1,3,2-di-
oxaborolan-2-yl)phenyl)urea (146 mg, 0.527 mmol) and
[1,1'-bis(diphenylphosphino)ferrocene]-dichloropalladium
(II) (10.85 mg, 0.013 mmol). After the vial was sealed, diox-
ane (1.5 mL) and aqueous saturated NaHCO; (0.38 mL.) were
added, and the mixture was degassed by bubbling nitrogen
through a syringe needle for 10 minutes. The mixture was
then heated in a microwave to 120° C. for 30 minutes. The
reaction mixture was partitioned between brine and ethyl
acetate. The aqueous layer was extracted with ethyl acetate
and the combined organic layers were dried over MgSO,,
filtered, and concentrated. The crude product was purified by
normal phase column chromatography (SiO,, 50-100%
EtOAc/hexanes in 20 minutes) to give the title compound
(single diastereomer, 21 mg, 16%). "H NMR (400 MHz,
DMSO-d,) 8 1.75 (d, J=7.1 Hz, 1H), 1.83 (d, J=7.1 Hz, 3H),
2.65(d,J=4.5Hz, 3H), 2.95-3.07 (m, 1H), 3.55-3.73 (m, 2H),
4.02 (dd, I=11.6, 3.0 Hz, 1H), 4.25 (dd, J=11.2, 3.7 Hz, 1H),
4.40 (dd, J=10.6, 3.8 Hz, 1H), 4.45-4.54 (m, 1H), 6.02-6.09
(m, 1H), 6.14 (d, J=7.1 Hz, 1H), 7.33-7.50 (m, 7H), 7.60 (s,
1H), 7.76 (s, 1H), 8.07-8.16 (m, 2H), 8.70 (s, 1H). ESI-MS
m/z [M+H]" cale’d for C,5H,sCINO;, 493.17; found 493 4.
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Example 86 & 87

1-methyl-3-(4-((S)-6-0x0-5-((S)-1-(p-tolyl)ethyl)-5,
6,6a,7,9,10-hexahydro-[ 1,4|oxazino[3,4-h]pteridin-
2-yl)phenyl)urea and 1-methyl-3-(4-((R)-6-0x0-5-
((S)-1-(p-tolyDethyl)-5,6,6a,7,9,10-hexahydro-[1,4]
oxazino[3,4-h]pteridin-2-yl)phenyl)urea

=N

H,C

and

JJ\ _CH;

=z

H;C

0
Jj\ cn,

N N~

i i

The title compounds were prepared in a manner similar to
EXAMPLE 84 using 1-methyl-3-(4-(4,4,5,5-tetramethyl-1,
3,2-dioxaborolan-2-yl)phenyl)urea (46.2 mg, 0.167 mmol),
PdCl,(dppf) (3.06 mg, 4.18 umol) and either Diastereomer 1
(PREPARATION x35, mg, 0.084 mmol) or Diastereomer 2
(PREPARATION x35, 30 mg, 0.084 mmol) of 2-chloro-5-
((S)-1-p-tolylethyl)-6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-
h]pteridin-6(5H)-one, in dioxane (1.5 mL) and aqueous satu-
rated NaHCO; (0.3 mL). Relative stereo-configuration of the
two compounds was not assigned.

Example 86 (Diastercomer 1)

'H NMR (400 MHz, DMSO-dy) 8 1.68-1.76 (m, 3 H),
2.28-2.32 (s, 3 H), 2.61-2.66 (m, 3 H), 2.96-3.08 (m, 1 H),
3.55-3.68 (m, 1 H), 3.97-4.08 (m, 1 H), 4.22-4.31 (m, 1 H),
4.46-4.57 (m, 2 H), 6.02-6.12 (m, 1 H), 6.23-6.33 (m, 1 H),
7.17-7.30 (m, 4 H), 7.42-7.49 (m, 3 H), 7.50-7.55 (m, 1 H),
8.05-8.12 (m, 2 H), 8.69-8.77 (m, 1 H). ESI-MS m/z [M+H]*
cale’d for C, H,NO, 473.22; found 473 4.

Example 87 (Diastercomer 2)

'H NMR (400 MHz, DMSO-dy) 8 1.75-1.85 (m, 3 H),
2.23-2.29 (m, 3 H), 2.61-2.66 (m, 3 H), 2.96-3.08 (m, 1 H),
3.56-3.74 (m, 1 H), 3.94-4.07 (m, 1 H), 4.21-4.31 (m, 1 H),
437-4.46 (m, 1 H), 4.46-4.57 (m, 1 H), 6.01-6.11 (m, 1 H),
6.11-6.22 (m, 1 H), 7.13-7.26 (m, 4 H), 7.40-7.49 (m, 3 H),
7.64-7.72 (m, 1 H), 8.02-8.10 (m, 2 H), 8.68-8.75 (m, 1 H).
ESI-MS nv/z [M+H]™* calc’d for C, H,4N O, 473.22; found
473 4.
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The compounds of EXAMPLES 88 through 95 were pre-
pared as shown in Scheme K.

Scheme K

O
)l\ CH;
N N/
H H

O
N
/N | \N
/KO\
N O
)J\ CH
N N/
H H

Reaction conditions: To mixtures of 1-methyl-3-(4-(6-
0x0-5,6,6a,7,9,10-hexahydro-[1,4]oxazino|3,4-h|pteridin-2-
yDphenyl)urea (PREPARATION x37, 20 mg, 0.056 mmol)
and R—Br (0.062 mmol) in DMF (1 ml) were added 1M
lithium bis(trimethylsilyl)amide in hexanes solution (62 plL,
0.062 mmol). Each reaction mixture was agitated at room
temperature overnight, then diluted with dioxane (1 mL) and
purified by LC/MS using a gradient of 25-55% CH;CN (with
0.035% TFA) in H,0O (with 0.05% TFA). The pure fractions
were combined and lyophilized to afford TFA salts of the title
compounds, below.

Example 88

methyl 4-((2-(4-(3-methylureido)phenyl)-6-ox0-6a,7,
9,10-tetrahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-
yDmethyl)benzoate

o
0
Y

)I\ ~CH;

Tz
Tz
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ESI-MS m/z [M+H]* calc’d for C,H,sNOs5, 503.20;
found 503 .4.

Example 89
1-(4-(5-(4-chlorobenzyl)-6-0x0-5,6,6a,7,9,10- 5

hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)phenyl)-
3-methylurea

10

o
c 0 j
N
L 15
| T
P
N )
)I\ CH; 20
N N~
i i

ESI-MS m/z [M+H]* calc’d for C,,H,;CINO;, 479.15;
found 479 4.

Example 90

1-(4-(5-(3-(1H-pyrrol-1-yl)benzyl)-6-0x0-5,6,6a,7,9,
10-hexahydro-[1,4]oxazino|[3,4-h]pteridin-2-yl)phe-
nyl)-3-methylurea 30

O

Ne

]

5

40

o

J\ CH;
N N~
H H

ESI-MS m/z [M+H]* calc’d for C,.H,,N-,O;, 510.22;
found 510.5.

Example 91
1-methyl-3-(4-(5-(4-(methylsulfonyl)benzyl)-6-oxo- 50

5,6,6a,7,9,10-hexahydro-[ 1,4|oxazino[3,4-h|pteridin-
2-yl)phenyl)urea

0
HC //O
3
\//s 0
N
s
N
| Xy 60
>
N 0
)J\ CH
Va 3
X X 65
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"1 NMR (400 MHz, DMSO-d,) 8 2.61-2.66 (m, 3 H),
2.99-3.12 (m, 1 H), 3.55-3.65 (m, 2 H), 3.65-3.74 (m, 2 H),
3.98-4.07 (m, 1 H), 4.21-4.32 (m, 1 H), 4.54-4.65 (m, 2 H),
5.18-5.38 (m, 2 H), 6.02-6.12 (m, 1 H), 7.42-7.51 (m, 2 H),
7.55-7.63 (m, 2 H), 7.87-7.95 (m, 3 H), 8.09-8.18 (m, 2 H),
8.70-8.76 (m, 1 H). ESI-MS m/z [M+H]* calc’d for
C,sH,N,O.S, 523.17; found 523.4.

Example 92

1-(4-(5-(4-(1H-1,2,4-triazol-1-yl)benzyl)-6-0x0-5,6,
6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h|pteridin-2-
yDphenyl)-3-methylurea

/=N ©

N |
\/N O, j
\@\/ N
N.
\f\N
F
N O
)]\ CH;
N7 N7
H H

'H NMR (400 MHz, DMSO-dy) 8 2.61-2.66 (m, 3 H),
2.99-3.12 (m, 1 H), 3.55-3.65 (m, 1 H), 3.65-3.74 (m, 1 H),
3.98-4.07 (m, 1 H), 4.21-4.32 (m, 1 H), 4.54-4.65 (m, 2 H),
5.18-5.38 (m, 2 H), 6.02-6.12 (m, 1 H), 7.42-7.51 (m, 4 H),
7.55-7.63 (m, 2 H), 7.87-7.95 (m, 1 H), 8.09-8.18 (m, 2 H),
8.20-8.23 (m, 1 H), 8.70-8.76 (m, 1 H), 9.24 (s, 1 H). ESI-MS
m/z [M+H]* cale’d for C, H,sNyO;, 512.21; found 512 4.

Example 93

1-(4-(5-((2,2-difluorocyclopropyl)methyl)-6-0x0-5,6,
6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h|pteridin-2-
yDphenyl)-3-methylurea

O

O j
N
7£NTKN
)\@\
N (¢]
F PN
CH.
F N N~ 3
H H

ESI-MS m/z [M+H]" cale’d for C,,H,,F,NO;, 445.17,
found 445 .4.
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Example 94

1-(4-(5-(2-(3,5-dimethyl-1H-pyrazol-4-yl)ethyl)-6-
0x0-5,6,6a,7,9,10-hexahydro-| 1,4]oxazino[3,4-h]
pteridin-2-yl)phenyl)-3-methylurea

o
0 j
N
HC
N
/ SN
N |
=
HN CH; N 0
JJ\ CH;3
N N~
H H

ESI-MS m/z [M+H]" calc’d for C,,H, N O;, 477.23;
found 477.5.

Example 95
1-(4-(5-(2-chloro-4-(methylsulfonyl)benzyl)-6-oxo-

5,6,6a,7,9,10-hexahydro-[ 1,4|oxazino[3,4-h|pteridin-
2-yD)phenyl)-3-methylurea

0
0
HC 7/
Y. . j
N
0
N
[
Cl oz
N 0
)k CH;
N N7
H H

'H NMR (400 MHz, DMSO-d,) & 2.61-2.67 (d, 2 H),
2.99-3.15 (m, 2 H), 3.30-3.38 (m, 3 H), 3.55-3.74 (m, 2 H),
3.98-4.10 (m, 1 H), 4.18-4.28 (m, 1 H), 4.55-4.67 (m, 2 H),
5.08-5.39 (m, 2 H), 6.01-6.13 (m, 1 H), 7.42-7.51 (m, 3 H),
7.76-7.84 (m, 2 H), 8.03-8.10 (m, 1 H), 8.10-8.18 (m, 2 H),
8.70-8.76 (m, 1 H). ESI-MS m/z [M+H]* calc’d for
C,sH,,CIN,O,S, 557.13; found 557.4.

Example 96

5-((S)-2,3-dihydro-1H-inden-1-y1)-2-(1H-pyrazol-4-
yD)-6a,7,9,10-tetrahydro-[1,4]oxazino[3,4-h|pteridin-

6(5H)-one
O
O j
N
N. | N N
F
—
NH
~./
N
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To a 2 mL microwave vial were added (S)-2-chloro-5-(2,
3-dihydro-1H-inden-1-yl)-6a,7,9,10-tetrahydro-[1,4]ox-
azino|3,4-h]pteridin-6(5H)-one (PREPARATION x49, 45
mg, 0.126 mmol), pyrazole-4-boronic acid pinacol cyclic
ester (48.9 mg, 0.252 mmol) and [1,1'-bis(diphenylphos-
phino)ferrocene]-dichloropalladium(Il) (5.19 mg, 6.31
umol). After the vial was sealed, dioxane (0.6 mL) and aque-
ous saturated NaHCOj; (0.15 mL) were added, and the mix-
ture was degassed by bubbling nitrogen through a syringe
needle for 10 minutes. The mixture was then heated in a
microwave to 120° C. for 60 minutes. Since the reaction was
only half complete, another 0.025 equivalents of palladium
catalyst and 1 equivalent of boronic ester were added. The
mixture was heated in the microwave to 130° C. for another
30 minutes. DMF (1 mL) was added and the mixture was
filtered by syringe filter. The crude product was purified by
preparatory HPLC, eluting with a gradient of 25-35%
CH,CN (with 0.035% TFA) in H,O (with 0.05% TFA). Lyo-
philization of the collected fractions gave a diastercomeric
mixture of the title compound (TFA salt) as a white powder
(15 mg, 24%). 'H NMR (400 MHz, DMSO-d,) & 1.68 (d,
J=7.1Hz,3H),1.75(d, J=7.3 Hz, 4H), 2.26 (t, I=1.8 Hz, 1H),
2.60, (t, J=1.8 Hz, 1H), 2.94 (br s, 3H), 3.46-3.73 (m, 1H),
3.90-3.99 (m, 4H), 4.18 (dt, J=11.4, 3.6 Hz, 4H), 4.40-4.66
(m, 7H), 6.13 (d, J=6.8 Hz, 1H), 6.24 (d, J=7.1 Hz, 1H), 6.72
(brs,3H),7.17-7.38 (m, 14H), 7.40 (brs, 1H),7.55 (d, J=18.4
Hz, 4H). ESI-MS m/z [M+H]* cale’d for C,,H,,NO,,
389.16; found 389.4.

Example 97

5-((S)-1-phenylethyl)-2-(1H-pyrazol-3-yl)-6a,7,9,10-
tetrahydro-[ 1,4]oxazino|3,4-h]pteridin-6(5H)-one

O

Oﬁ)i j
N
N
: NP
N | \
Nt
To a 2 mL microwave vial were added (S)-2-chloro-5-(1-
phenylethyl)-6a,7,9,10-tetrahydro-[1,4]oxazino[3,4-h]pteri-
din-6(5H)-one (PREPARATION x47, 36 mg, 0.104 mmol),
3-(4,4,5,5-tetramethyl-1,3,2-dioxabolone)-pyrrazole  (40.5
mg, 0.209 mmol) and [1,1'-bis(diphenylphosphino)fer-
rocene]-dichloropalladium(Il) (4.29 mg, 5.22 pmol). After
the vial was sealed, dioxane (0.6 mL) and aqueous saturated
NaHCO; (0.15 ml) were added, and the mixture was
degassed by bubbling nitrogen through a syringe needle for
10 minutes. The mixture was then heated in a microwave to
120° C. for 60 minutes. Another 2 equivalents of boronic ester
and 0.05 equivalents of palladium catalyst were added, and
the mixture was heated in the microwave for another 60
minutes. DMF (1 mL) was added and the mixture was filtered
by syringe filter. The crude product was purified by prepara-
tory HPLC, eluting with a gradient of 25-30% CH,CN (with
0.035% TFA) in H,O (with 0.05% TFA). Lyophilization of
the collected fractions gave a diastereomeric mixture of the
title compound (TFA salt) as a white solid (7 mg, 14%). 'H
NMR (400 MHz, DMSO-dy) 8 1.68 (d, J=7.1 Hz, 3H), 1.75
(d, J=7.3 Hz, 4H), 2.26 (t, J=1.8 Hz, 1H), 2.60, (t, J=1.8 Hz,
1H), 2.94 (br s, 3H), 3.46-3.73 (m, 11H), 3.90-3.99 (m, 4H),
4.18 (dt, J=11.4, 3.6 Hz, 4H), 4.40-4.66 (m, 7H), 6.13 (d,
J=6.8 Hz, 1H), 6.24 (d, I=7.1 Hz, 1H), 6.72 (br s, 3H), 7.17-
7.38 (m, 14H), 7.40 (br s, 1H), 7.55 (d, J=18.4 Hz, 4H).
ESI-MS m/z [M+H]* calc’d for C,oH,NO,, 377.16; found
377 4.
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Example 98

N-isopropyl-3-(5-(4-(methylsulfonyl)benzyl)-6-oxo-
5,6,6a,7,9,10-hexahydro-[ 1,4|oxazino[3,4-h|pteridin-
2-yl)benzenesulfonamide

O

H3C\S//
4/

2-Chloro-5-(4-(methylsulfonyl)benzyl)-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h|pteridin-6(5SH)-one ~ (PREPA-
RATION x38, 40 mg, 0.098 mmol), 3-(N-isopropylsulfa-
moyl)phenylboronic acid (47.6 mg, 0.196 mmol) and PdCl,
(dpp?) (7.16 mg, 9.78 umol) were suspended in dioxane (1
mL). The reaction mixture was heated to 100° C. and stirred
for 18 hours, then diluted with ethyl acetate and washed with
aqueous saturated NH,CI (3x2 ml.) and brine (3x2 mL). The
combined organic layers were dried over MgSQO,, filtered,
and concentrated in vacuo to give a crude product, which was
purified by LC/MS using a gradient of 35-60% CH;CN (with
0.035% TFA) in H,O (with 0.05% TFA). The pure fractions
were combined and lyophilized to afford a TFA salt of thetitle
compound as an off-white solid (27 mg, 36%). "H NMR (400
MHz, DMSO-d) 9 0.83-1.02 (m, 6 H), 3.03-3.13 (m, 1 H),
3.16-3.25 (m, 6 H), 3.56-3.78 (m, 1 H), 3.98-4.09 (m, 1 H),
4.23-4.34 (m, 1 H), 4.52-4.68 (m, 1 H), 5.18-5.44 (m, 2 H),
7.55-7.63 (m, 2 H), 7.64-7.75 (m, 2 H), 7.83-7.95 (m, 3 H),
7.99-8.04 (m, 1 H), 8.45-8.52 (m, 1 H), 8.65-8.70 (m, 1 H).

ESI-MS m/z [M+H]" calc’d for C,H,oNsO4S,, 572.16;
found 572.5.

H3C CH;

\\ /NH

Example 99

1-(4-(5-(1-(4-chlorophenyl)cyclopropyl)-6-0x0-5,6,
6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h|pteridin-2-
yl)phenyl)-3-methylurea

o
c 0 j
N
N
(]
&
N )
)j\ CH;
N N~
i i

The title compound was prepared in a manner similar to
EXAMPLE 84 using 2-chloro-5-(1-(4-chlorophenyl)cyclo-
propyl)-6a,7,9,10-tetrahydro-[ 1,4]oxazino| 3,4-h]pteridin-6
(5H)-one (PREPARATION x36, 100 mg, 0.256 mmol),
1-methyl-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenyljurea (141 mg, 0.511 mmol), and PdCl,(dppf)
(18.70 mg, 0.026 mmol) in dioxane (2 mL) and aqueous
saturated NaHCO; (0.4 mL). 'HNMR (400 MHz, DMSO-d,)
8 1.10-1.24 (m, 2 H), 1.46-1.60 (m, 2 H), 2.54-2.60 (d, 3 H),
2.84-3.03 (m, 1 H), 3.46-3.57 (m, 2 H), 3.91-4.00 (m, 1 H),
4.08-4.20 (m, 1 H), 4.33-4.55 (m, 2 H), 5.98-6.07 (m, 1 H),
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7.01-7.17 (m, 2 H), 7.23-7.34 (m, 2 H), 7.36-7.46 (m, 2 H),
7.68-7.73 (m, 1 H), 8.02-8.13 (m, 2 H), 8.61-8.70 (m, 1 H).
ESI-MS m/z [M+H]* calc’d for C,4H,sCIN,O;, 505.17;
found 505.4.
The compounds of EXAMPLES 100 through 144 were
prepared as shown in Scheme L.

Scheme L

. g
@JL]
Reaction Conditions: 2-chloro-5-(4-(methylsulfonyl)ben-

zyl)-6a,7,9,10-tetrahydro-[ 1,4 |Joxazino[3,4-h]pteridin-6

(5H)-one (PREPARATION x38, 40 mg, 0.098 mmol), R-bo-

ronic acid (0.196 mmol) or R-boronic acid pinacol ester

(0.196 mmol), and PdCl,(dppf) (7.16 mg, 9.78 umol) were

suspended in dioxane (1 mL) and aqueous saturated NaHCO,

(0.2 mL). Each of the reaction mixtures were heated to 100°

C. and stirred for 18 hours, then purified by LC/MS using a

gradient 0f20-55% CH;CN (with 0.035% TFA) in H,O (with

0.05% TFA). The pure fractions were combined and lyo-
philized to afford TFA salts of the title compounds, below.

Example 100

2-(1H-indol-6-y1)-5-(4-(methylsulfonyl)benzyl)-6a,
7,9,10-tetrahydro-[ 1,4]oxazino|3,4-h|pteridin-6(5H)-

one
(0]
jie /O
? \S/ O
! \Q\/ 1
O
N \N

'H NMR (400 MHz, DMSO-dy) 8 3.06-3.17 (m, 1 H),
3.17-3.23 (m, 2 H), 3.65-3.76 (m, 4 H), 4.01-4.11 (m, 1 H),
4.23-4.33 (m, 1 H), 4.55-4.70 (m, 1 H), 5.12-5.52 (m, 2 H),
6.39-6.52 (m, 1 H), 7.34-7.67 (m, 4 H), 7.81-8.05 (m, 4 H),
8.21-8.50 (m, 1 H), 11.14-11.36 (m, 1H). ESI-MS m/z
[M+H]* calc’d for C,5H,3N;O,, 490.15; found 490.4
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Example 101

N-(3-(5-(4-(methylsulfonyl)benzyl)-6-0x0-5,6,6a,7,
9,10-hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)
phenyl)acetamide

| 1
- N CH;
N \[r
0

'"HNMR (400 MHz, DMSO-d,) 83.00-3.13 (m, 1 H), 3.19
(5,3 H),3.60-3.70 (m, 5 H), 4.00-4.08 (m, 1 H), 4.22-4.31 (m,
1H), 4.52-4.65 (m, 2 H), 5.18-5.41 (m, 2 H), 7.30-7.39 (m, 1
H), 7.55-7.63 (m, 2 H), 7.68-7.75 (m, 1 H), 7.86-8.03 (m, 4
H), 8.41-8.50 (m, 1 H), 9.97-10.04 (m, 1 H). ESI-MS nvz
[M+H]* calc’d for C,sH,sN;Os, 508.16; found 508.4.

Example 102
N-(4-(5-(4-(methylsulfonyl)benzyl)-6-0x0-5,6,6a,7,

9,10-hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)
phenyl)methanesulfonamide

HSC\/S// o j
O/ N
N Ny
| Z
N 0
\ _CH;
/S\\
E %

'HNMR (400 MHz, DMSO-d,) 8 3.00-3.11 (m, 3 H),3.19
(s, 3H),3.51-3.63 (m, 2 H), 4.02 (dd, J=12.00, 2.91 Hz, 2 H),
4.26 (dd, J=11.37,3.79 Hz, 1 H), 4.60 (dd, J=10.61,3.79 Hz,
2 H), 5.19-5.39 (m, 2 H), 7.26 (d, J=8.84 Hz, 2 H), 7.60 (s, 2
H), 7.93 (d, J=14.91 Hz, 3 H), 8.13-8.29 (m, 2 H), 9.99 (s, 1
H). ESI-MS m/z [M+H]" calc’d for C, H,sNO.S,, 545.12;
found 544 .4.

Example 103

2-(3-aminophenyl)-5-(4-(methylsulfonyl)benzyl)-6a,
7,9,10-tetrahydro-[ 1,4 ]oxazino[3,4-h]pteridin-6(5SH)-

one
O
O
H3C\s// 0 j
O// N
N X
N

ESI-MS nvz [M+H]* calc’d for C,3;H,;N 0,8, 466.15;
found 466.4.
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Example 104

N-(2-(5-(4-(methylsulfonyl)benzyl)-6-0x0-5,6,6a,7,
9,10-hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)

phenyl)acetamide
O.
(0]
H3C\ S// o j
O// N
N X N

ch/KO

ESI-MS m/z [M+H]* calc’d for C,sH,sNO.S, 508.16:

found 508.2.

Example 105

ethyl 5-(5-(4-(methylsulfonyl)benzyl)-6-0x0-5,6,6a,
7,9,10-hexahydro-[1,4]oxazino|3.4-h]pteridin-2-yl)
nicotinate

N | 0 CH;

ESI-MS m/z [M+H]* calc’d for CasH,sN OGS, 524.15:

found 524.5.

Example 106

2-(6-aminopyridin-3-y1)-5-(4-(methylsulfonyl)ben-
zyl)-6a,7,9,10-tetrahydro-[ 1,4 Joxazino[3,4-h]pteri-
din-6(5H)-one

o
0
HiC
3\/8/ 0 j
N
O/
N | Nx
g | x
P
N NI,

11 NMR (400 MHz, DMSO-dg) 8 3.01-3.10 (m, 1 H), 3.19

(s, 3 H)3.52-3.66 (m, 3 H), 3.97-4.07 (m, 1 H), 4.23-4.34 (m,
1H),4.57-4.65 (m, 1 H), 5.20-5.37 (m, 2 H), 6.95-7.04 (m, 2
H), 7.53-7.62 (m, 2 H), 7.87-7.92 (m, 2 H), 8.55-8.62 (m, 1
H), 8.64-8.71 (m, 1 H). ESI-MS m/z [M+H]* calc’d for
C,,H,,N,0,S. 467.14; found 467.4.



US 9,045,496 B2
133 134
Example 107 Example 110

4-(5-(4-(methylsulfonyl)benzyl)-6-0x0-5,6,6a,7.9,
10-hexahydro-[ 1,4]oxazino[3,4-h]pteridin-2-y1)ben- 2-(3-(1H-pyrazol-3-ylphenyl)-5-(4-(methylsulfonyl)

zamide 5 benzyl)-6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-h]
pteridin-6(5H)-one
(0]
H;C P
// D \s// o}
f \O\/ |
(@)
N
XN I\ll/NH
P

N 15 Z Y4

N

NH,
(@]

20 ESI-MS m/z [M+H]* cale’d for C,qH,,N,0,S, 517.16;
ESI-MS m/z [M+H]* calc’d for C,,H,,NLO.S, 494.14;  found 517.5.

found 494 .4.
Example 108 Example 111
5-(4-(methylsulfonyl)benzyl)-2-(1H-pyrrolo[2,3-b] »
pyridin-5-y1)-6a,7,9,10-tetrahydro-[ 1,4]Joxazino[3,4- N-methyl-3-(5-(4-(methylsulfonyl)benzyl)-6-0x0-5,
h]pteridin-6(5H)-one 6,6a,7,9,10-hexahydro-| 1,4]oxazino|3,4-h|pteridin-
2-yl)benzenesulfonamide
o 0 30 o
H3C\ // 0]
S O H;C //
V4 N N 0
0 Y4 N
N (6]
XN 35 N CHj
| | N N O, |
Z \ NH
N I Z §
| N\ N N
Z
N 40
ESI-MS m/z [M+H]* calc’d for C,,H,,N0,S, 491.14; ESI-MS nvz [M+H]* calc’d for C,,H, NsO,S,, 544.12;
found 491.4. found 544 4.
Example 109 45
E le 112
N-methyl-5-(5-(4-(methylsulfonyl)benzyl)-6-0x0-5, xampe
6,6a,7,9,10-hexahydro-[ 1,4|oxazino[3,4-h]pteridin-
2-yl)picolinamide N-(4-(5-(4-(methylsulfonyl)benzyl)-6-0x0-5,6,6a,7,
50 9,10-hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)
phenyl)acetamide
O
;C //O j [o) ©
N
S O, H;C
/ N 55 Hs \S// o j
o) 4J N
N N o
| i ’ | oY
&
N N 60 p
| q N o
N
N CH; )]\
N CH;
0 H
65
ESI-MS nv/z [M+H]™* cale’d for C,,H,,NOsS, 509.15; ESI-MS m/z [M+H]* calc’d for C,5H,sN;O5S, 508.16;

found 509.4. found 508 .4.
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Example 113

3-(5-(4-(methylsulfonyl)benzyl)-6-0x0-5,6,6a,7.9,

10-hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)ben-
zamide

N NH,

ESI-MS m/z [M+H]* cale’d for C,,H,,N,O.S, 494.14;

found 494 .4.

Example 114

2-(1H-indazol-5-y1)-5-(4-(methylsulfonyl)benzyl)-
6a,7,9,10-tetrahydro-| 1,4]oxazino[3,4-h|pteridin-6

(5H)-one
o)
H:C /O j
LN/ o
V4 N
N \N
| P
\N
/
N
H

ESI-MS m/z [M+H]* calc’d for C,,H,,N,0,S, 491.14;

found 491.4.
Example 115

3-(5-(4-(methylsulfonyl)benzyl)-6-0x0-5,6,6a,7.9,
10-hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)ben-

zenesulfonamide
0)
O
HC 4/ j
O// N
N
N N o
| \, N

NZ \\O

136

ESI-MS m/z [M+H]" cale’d for C,3H,3NsOS,, 530.11;
found 530.4.

Example 116

5 N-cyclopropyl-3-(5-(4-(methylsulfonyl)benzyl)-6-
0x0-5,6,6a,7,9,10-hexahydro-| 1,4]oxazino|3,4-h]
pteridin-2-yl)benzenesulfonamide

10 ©
0
H3C7S// Oﬁ)i j
o/ N
15 N\[KN
Z
N

20

O=—=S=—=0
NH

. v

ESI-MS m/z [M+H]"* calc’d for C,cH,,N.O.S,, 570.14;
found 570.5.

Example 117
N-(3-(5-(4-(methylsulfonyl)benzyl)-6-0x0-5,6,6a,7,

9,10-hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)
phenyl)methanesulfonamide

35
H3C //

o Oj
%

ESI-MS m/z [M+H]" cale’d for C,,H,sNsOS,, 544.12;
found 544 .4.

\//
// CH;

45

Example 118

N-(5-(5-(4-(methylsulfonyl)benzyl)-6-0x0-5,6,6a,7,
9,10-hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)
pyridin-2-yl)acetamide
55

H;C //

60 N

I 0

'/Jk

N N CH;
i1

ESI-MS m/z [M+H]* cale’d for C,,H,,NOsS, 509.15;
found 509.4.
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Example 119 ESI-MS m/z [M+H]" calc’d for C,,H,,NO¢S, 491.14;
found 491.5.
5-(4-(methylsulfonyl)benzyl)-2-(2-ox0-2,3-dihydro- Example 122

1H-benzo|[d]imidazol-5-yl)-6a,7,9,10-tetrahydro-[ 1,
4]oxazino[3,4-h]pteridin-6(SH)-one

w

N-methyl-3-(5-(4-(methylsulfonyl)benzyl)-6-oxo0-5,
6,6a,7,9,10-hexahydro-| 1,4]oxazino|3,4-h|pteridin-
2-yl)benzamide

K N 4 N
N
N | Xy | Ny o
15
/ X N N
N H
>=O
N
H ESI-MS m/z [M+H]* calc’d for C,H,:NO,S, 508.16;
20 found 508.4.
ESI-MS m/z [M+H]* calc’d for C,,H,,N,O.S, 507.14; Example 123
found 507 4.
oun 2-(1H-indol-4-y1)-5-(4-(methylsul fonyl)benzyl)-6a,
Example 120 N 7,9,10-tetrahydro-[l,4]O)Z)ajéno[S,4-h]pteridin-6(5H)-

N-(3-(5-(4-(methylsulfonyl)benzyl)-6-0x0-5,6,6a,7,
9,10-hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl) 0
H (0]
phenyl)cyclopropanesulfonamide HC_ ; Vi . j
30 / N
o N | S N

0

HiC._ /4 j

s o)

//\O\/ | 35 N/

o

N | Ny
H 0
N/ N\s// \ NH

4 W # [ NMR (400 Mz, DMSO-d,) 8 3.10-3.42 (m, 4 H),
3.59-3.77 (m, 2 H), 4.08 (dd, J=11.87,3.28 Hz, 1 H), 4.29 (dd,
J=11.49, 3.92 Hz, 1 H), 4.53-4.68 (m, 2 H), 5.21-5.43 (m, 2
e H), 7.16 (t, J=7.83 Hz, 1 H), 7.29 (br s, 1 H), 7.43 (t, =278
ESI-MS m/z [M+H]" cale’d for C,6H,,NsO4S,, 570.14; Hl 1 H),(7.51 (d, 1-8.08 H)z 1 H),(7.62 d )J:8.34(Hz, 2H),
found 570.5. 45 7.92 (d, J=8.59 Hz, 2 H), 8.00 (d, ]=6.82 Hz, 1 H), 8.04 (s, 1
H), 11.24 (br s, 1 H). ESI-MS m/z [M+H]* calc’d for

Example 121 C,sH,.N;O,S, 490.15; found 490.4.

5-(4-(methylsulfonyl)benzyl)-2-(1H-pyrrolo[3,2-b] Example 124

pyridin-6-yl)-6a,7,9,10-tetrahydro-| 1,4]Joxazino[3,4- 50 2-(1H-indazol-6-y1)-5-(4-(methylsulfonyl )benzyl)-

h]pteridin-6(SH)-one 6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-h]pteridin-6
(5H)-one
0 55 0
P mew f
HiC
3 \S// o ’ \/s/ o)
N
O// N O/ \Q\/
N Xy 60 N | XN
| " 2 N
N | XN N \
N
Y
N/ / 65

ESI-MS m/z [M+H]* cale’d for C,,H,,NO,S, 491.14;
found 491 4.
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Example 125

2-(2-aminopyrimidin-5-y1)-5-(4-(methylsulfonyl)
benzyl)-6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-h]
pteridin-6(5H)-one

N NH,

ESI-MS nvz [M+H]" calc’d for C,;H,,N,O,S, 468.14;
found 468 .4.

Example 126

2-(1-methyl-1H-pyrazol-5-yl)-5-(4-(methylsulfonyl)
benzyl)-6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-h]
pteridin-6(5H)-one

'H NMR (400 MHz, DMSO-d,) 8 3.01-3.11 (m, 1 H),
3.18-3.22 (m, 3 H), 3.62-3.68 (m, 2 H), 3.98-4.05 (m, 1 H),
4.15-4.20 (m, 3 H), 4.23-4.30 (m, 1 H), 4.40-4.48 (m, 1 H),
4.58-4.64 (m, 1 H), 5.10-5.42 (m, 2 H), 6.79-6.87 (m, 1 H),
7.41-7.45 (m, 1 H), 7.56-7.62 (m, 2 H), 7.85-7.98 (m, 3 H).
ESI-MS mv/z [M+H]* cale’d for C,;H,,N,0,S, 455.14;
found 455 .4.

Example 127

2-(1H-indol-5-y1)-5-(4-(methylsulfonyl)benzyl)-6a,
7,9,10-tetrahydro-[ 1,4 ]oxazino[3,4-h]pteridin-6(5SH)-

one
0
0
O/ o j
o// ¥
N Ny
| F
: N\

20

25

45

50
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'HNMR (400 MHz, DMSO-d,) § 3.08-3.22 (m, 1 H), 3.23
(s,3H),3.67-3.73 (m, 2 H),3.91-3.94 (m, 1 H), 4.25-4.31 (mm,
1H), 4.59-4.75 (m, 2 H), 5.20-5.43 (m, 2 H), 6.47-6.58 (m, 1
H), 7.35-7.48 (m, 2 H), 7.61 (d, J=8.34 Hz, 2 H), 7.86-7.95
(m,3 H), 8.02-8.09 (m, 1 H), 8.52 (s, 1 H), 11.21-11.33 (m, 1
H). ESI-MS m/z [M+H]* cale’d for C,H,,N.O,S, 490.15;
found 490.4.

Example 128
2-(3-(1H-pyrazol-1-yl)phenyl)-5-(4-(methylsulfonyl)

benzyl)-6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-h]
pteridin-6(5H)-one

ESI-MS m/z [M+H]* cale’d for C,4H,,NO,S, 517.16;
found 517.5.

Example 129
2-(3-(ethylamino)phenyl)-5-(4-(methylsulfonyl)ben-

zyl)-6a,7,9,10-tetrahydro-[ 1,4 Joxazino[3,4-h]pteri-
din-6(5H)-one

0
0
AN o
4 N
0
N S

CH;

ESI-MS m/z [M+H]" calc’d for C,5sH,,N;O,S, 494.18;
found 494 .4.

Example 130

2-(3-methyl-1H-pyrazol-4-yl)-5-(4-(methylsulfonyl)
benzyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]

pteridine
O.
O
RN o j
O// \O\/ |
N
AN
| A
NH
~./
H;C

ESI-MS m/z [M+H]* cale’d for C,,H,,NO,S, 455.14;
found 455 .4.
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Example 131

2-(3,4-diaminophenyl)-5-(4-(methylsulfonyl)ben-
zyl)-6a,7,9,10-tetrahydro-[1,4]oxazino[3,4-h]|pteri-
din-6(5H)-one

Z NH;

NH,

ESI-MS m/z [M+H]* calc’d for C,3H,,N0,S, 481.16;

found 481.4.
Example 132
2-(3-(1,1-dioxidoisothiazolidin-2-yl)phenyl)-5-(4-

(methylsulfonyl)benzyl)-6a,7,9,10-tetrahydro-[ 1,4]
oxazino[3,4-h]pteridin-6(5H)-one

ESI-MS m/z [M+H]* calc’d for C,cH,,N;OS,, 570.14;

found 570.4.
Example 133

2-(2-aminophenyl)-5-(4-(methylsulfonyl)benzyl)-6a,
7,9,10-tetrahydro-[ 1,4 ]oxazino[3,4-h]pteridin-6(5SH)-

one
O
O
H3C\s// o j
O// N
N x
N

ESI-MS m/z [M+H]* calc’d for C,3H,,N0,S, 466.15;

found 466.4.

w

10
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40
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60
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Example 134

2-(7-chloro-1H-indol-3-y1)-5-(4-(methylsulfonyl)
benzyl)-6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-h]
pteridin-6(5H)-one

0
O/ o j
o// ¥
N Ny

| F
N

NH Cl

'"H NMR (400 MHz, DMSO-dy) 8 3.20 (s, 3 H), 3.60-3.79
(m, 3 H), 4.03-4.13 (m, 1 H), 4.24-4.33 (m, 1 H), 4.60-4.71
(m, 2 H), 5.20-5.40 (m, 2 H), 7.13-7.21 (m, 1 H), 7.25-7.31
(m, 1 H), 7.57-7.64 (m, 2 H), 7.85-7.95 (m, 3 H), 8.17-8.24
(m, 1 H), 8.32-8.38 (m, 1 H), 12.06-12.23 (m, 1 H). ESI-MS
m/z [M+H]" cale’d for C,sH,,CIN;O,S, 524.11; found
524.4.

Example 135

2-(2-hydroxy-1H-indol-4-yl)-5-(4-(methylsulfonyl)
benzyl)-6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-h]
pteridin-6(5H)-one

0
HC_ .
V4 N
0 OH
¥ | SN —
P NH
N

11 NMR (400 MHz, DMSO-d,) 8 3.06-3.12 (m, 1 H), 3.19
(s, 31),3.56-3.74 (m, 1 H), 3.75-3.92 (m, 2 H), 4.04-4.15 (m,
1H),4.21-4.36 (m, 1 H), 4.43-4.55 (m, 1 H), 4.55-4.67 (m, 1
H), 5.18-5.43 (m, 2 H), 6.82-6.96 (m, 1 H), 7.19-7.35 (m, 1
H), 7.54-7.68 (m, 2 H), 7.78-7.97 (m, 4 H), 7.97-8.08 (m, 1
H), 10.41-10.53 (m, 1 H). ESI-MS m/z [M+H]* calc’d for
C,sH,.N,0.S, 506.14; found 506.4.
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Example 136
2-(6-methoxy-1H-indol-3-y1)-5-(4-(methylsulfonyl)

benzyl)-6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-h]
pteridin-6(5H)-one

0
H3C\S// j
V,
O/ N
N | Ny
o)
7 \CH3

NH

'H NMR (400 MHz, DMSO-d,)  3.20 (s, 3 H), 3.61-3.67
(m, 3 H),3.75-3.82 (s, 3 1), 4.04-4.15 (m, 1 H), 4.23-4.34 (m,
1 H),4.58-4.76 (m, 2 H), 5.19-5.41 (m, 2 H), 6.77-6.87 (m, 1
H), 6.93-6.99 (m, 1 H), 7.58-7.65 (m, 2 H), 7.75-7.85 (m, 1
H), 7.88-7.95 (m, 2 H), 8.02-8.16 (m, 1 H), 8.18-8.24 (m, 1

15

H). BSIMS m/z [M+H]* cale’d for CogH,5N5058, 520.16;

found 520.4.
Example 137

5-(4-(methylsulfonyl)benzyl)-2-(1H-pyrrolo[2,3-b]
pyridin-3-yl)-6a,7,9,10-tetrahydro-[ 1,4]Joxazino[3,4-
h]pteridin-6(5H)-one

O

N4
//

O

\N/

'"H NMR (400 MHz, DMSO-d,) 8 3.12 (s, 3 H), 3.51-3.69
(m, 3 H), 4.01-4.13 (m, 1 H), 4.23-4.33 (m, 1 H), 4.57-4.71
(m, 2 H), 5.18-5.43 (m, 2 H), 7.15-7.27 (m, 1H), 7.60 (d,
J=8.34 Hz, 2 H), 7.83-7.96 (m, 3 H), 8.21-8.35 (m, 2 H),
8.61-8.75 (m, 1 H), 12.09-12.45 (m, 1 H). ESI-MS nv/z
[M+H]* cale’d for C,,H,,NO,S, 491.14; found 491.4.

Example 138
2-(7-methoxy-1H-indol-3-y1)-5-(4-(methylsulfonyl)

benzyl)-6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-h]
pteridin-6(5H)-one

O

0
H3C\S// j
O// N
N Ny
| Z
N

c,
NH o

45

50

55
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'"H NMR (400 MHz, DMSO-dy) 8 3.21 (s, 3 H), 3.61-3.72
(m, 2 H),3.73-3.83 (m, 1 H), 3.94 (s, 3 H), 4.05-4.15 (m, 1 H),
4.24-433 (m, 1 H), 4.64-4.81 (m, 2 H), 5.20-5.41 (m, 2 H),
6.75-6.84 (m, 1 H), 7.07-7.17 (m, 1 H), 7.63 (d, 2 H), 7.74-
7.83 (m, 1 H), 7.91 (m, 3 H), 8.08-8.23 (m, 1 H), 12.01-12.24
(m, 1 H). ESI-MS m/z [M+H]* calc’d for C,4H,;NsO5S,
520.16; found 520.4.

Example 139

2-(1H-benzo[d]imidazol-4-y1)-5-(4-(methylsulfonyl)
benzyl)-6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-h]
pteridin-6(5H)-one

o
H,C //O
3
\/s 0
N
O/
N
SN N=\
| _ NI
N

11 NMR (400 MHz, DMSO-d,)  3.12-3.19 (m, 1 H), 3.20
(s,31),3.51-3.69 (m, 2 H), 4.03-4.09 (m, 1 H), 4.25-4.34 (m,
1 H), 4.64-4.76 (m, 2 H), 5.17-5.29 (m, 1 H), 5.40-5.51 (m, 1
H), 7.53-7.67 (m, 3 H), 7.84-7.97 (m, 4 H), 8.36-8.43 (m, 1
M), 8.98-9.23 (m., 1 H). ESI-MS m/z [M+H]* calc’d for
C,,H,,N,0,S, 491.14; found 491.4.

Example 140

2-(2-methoxypyridin-4-y1)-5-(4-(methylsulfonyl)
benzyl)-6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-h]
pteridin-6(5H)-one

o
0
HiCo /)
3\/8/ 0 j
N
O/
N N
w .
N

| N Nen,

/N

'H NMR (400 MHz, DMSO-dy) 8 3.02-3.13 (m, 1 H),
3.18-3.21 (m, 3 H), 3.56-3.66 (m, 1 H), 3.67-3.77 (m, 1 H),
3.86-3.92 (m, 3 H), 4.00-4.07 (m, 1 H), 4.24-431 (m, 1 H),
4.58-4.68 (m, 2 H), 5.19-5.42 (m, 2 H), 7.52-7.56 (m, 1 H),
7.57-7.64 (m, 2 H), 7.73-7.77 (m, 1 H), 7.88-7.94 (m, 2 H),
7.99-8.04 (m, 1 H), 8.23-8.28 (m, 1 H). ESI-MS m/z [M+H]*
cal’d  for C,3H,FNLOLS,  482.14; found 482.4.
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Example 141

2-(4-aminopyridin-2-yl)-5-(4-(methylsulfonyl)ben-
zyl)-6a,7,9,10-tetrahydro-[1,4]oxazino[3,4-h]|pteri-
din-6(5H)-one

O
HiC_ //O j
S O,
O// N
N X N
| N/ F NH;

'H NMR (400 MHz, DMSO-d,) 8 3.06-3.17 (m, 1 H),
3.18-3.21 (m, 3 H), 3.56-3.61 (m, 1 H), 3.70-3.81 (m, 1 H),
3.98-4.07 (m, 1 H), 4.22-4.30 (m, 1 H), 4.61-4.77 (m, 2 H),
5.21-5.40 (m, 2 H), 6.46-6.53 (m, 1 H), 6.88-6.98 (m, 2 H),
7.55-7.64 (m, 2 H), 7.91-7.93 (m, 1 H), 8.70-8.82 (m, 2 H),
9.08-9.17 (m, 2 H). ESI-MS m/z [M+H]* calc’d for
C,,H,,N,0,S. 467.14; found 467.5.

Example 142

2-(7-fluoro-1H-indol-4-y1)-5-(4-(methylsulfonyl)
benzyl)-6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-h]
pteridin-6(5H)-one

H3C\ //O j
S 0
o// N
¥ AN —
- NI

'HNMR (400 MHz, DMSO-d,) 83.19 (m, 4 H), 3.59-3.66
(m, 1 H), 3.66-3.76 (m, 1 H), 4.03-4.13 (m, 1 H), 4.24-4.34
(m, 1 H), 4.51-4.68 (m, 2 H), 5.19-5.44 (m, 2 H), 6.94-7.06
(m, 1 H), 7.33-7.40 (m, 1 H), 7.46-7.52 (m, 1 H), 7.58-7.66
(m, 2 H),7.88-7.96 (m, 2 H), 7.97-8.06 (m, 2 H), 11.72-11.78
(m, 1 H). ESI-MS m/z [M+H]"* calc’d for C,H,,FN,O,S,
508.14; found 508.4.
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Example 143
2-(7-fluoro-3-methyl-1H-indol-4-y1)-5-(4-(methyl-
sulfonyl)benzyl)-6a,7,9,10-tetrahydro-[1,4]oxazino
[3,4-h]pteridin-6(5H)-one

O
HC //O
3
\/S O
10 N
O/ \Q\/
N | \N
=
15 N
H;C F

20 'H NMR (400 MHz, DMSO-dy) 8 1.97-2.04 (m, 3 H),
3.02-3.10 (m, 1 H), 3.19 (s, 3 H), 3.51-3.62 (m, 1 H), 3.68-
3.78 (m, 1 H), 3.95-4.02 (m, 1 H), 4.22-4.32 (m, 1 H), 4.42-
4.72 (m, 2 H), 5.19-5.43 (m, 2 H), 6.90-7.00 (m, 1 H), 7.15-
7.21 (m, 1 H), 7.22-7.27 (m, 1 H), 7.58-7.66 (m, 2 H), 7.89-

55 7.95 (m, 2 H), 7.96-8.04 (m, 1 H). ESI-MS m/z [M+H]*
cale’d for C,H,,FNO,S, 522.15; found 522.5.

Example 144
5-(4-(methylsulfonyl)benzyl)-2-(1H-pyrrolo[2,3-c]

30 pyridin-4-yl)-6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-
h]pteridin-6(5H)-one

o)
0
35 H3C\/s// 0
O/\©\/ 1
N\K\N B
40 NH
N | I
P
N

'H NMR (400 MHz, DMSO-d,) & 3.12-3.19 (m, 1 H),
3.19-3.23 (s, 3 H), 3.60-3.80 (m, 2 H), 4.04-4.14 (m, 1 H),
4.25-435 (m, 1 H), 4.55-4.64 (m, 1 H), 4.65-4.73 (m, 1 H),
5.23-5.46 (m, 2 H), 7.55-7.68 (m, 3 H), 7.87-7.98 (m, 2 H),
8.06-8.15 (m, 1 H), 8.27-8.38 (m, 1 H), 8.98-9.07 (m, 1 H),
9.11-9.19 (m, 1 H), 12.82-12.99 (m, 1 H). ESI-MS m/z
50 [M+H]* cale’d for C,,H,,NO,S, 491.14; found 491.4.

Example 145

N
v

5-benzyl-2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,
4loxazino[3,4-h]pteridin-6(5H)-one

o

Nj
¥ | Xy —
)\(S\NH
N
65
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5-Benzyl-2-chloro-6a,7,9,10-tetrahydro-[ 1,4]oxazino[ 3,
4-h|pteridin-6(SH)-one (PREPARATION x39, 200 mg,
0.605 mmol), 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
y1)-1H-indole (294 mg, 1.209 mmol), and PdCl,(dppf) (22.12
mg, 0.030 mmol) was suspended in dioxane (3 mL) and
aqueous saturated NaHCO; (0.6 mL). The resulting brown
suspension was heated to 100° C. for 18 hours, then diluted
with ethyl acetate and washed with aqueous saturated NH,Cl
(3x5 mL) and brine (3x5 mL). The combined organic layers
were dried over MgSO,, filtered, and concentrated in vacuo to
give crude product, which was loaded onto an ISCO® silica
gel cartridge (12 g) and eluted using an ethyl acetatehexane
gradient. The product was collected and concentrated in
vacuo to afford the title compound as a white solid (80 mg,
32%). 'H NMR (400 MHz, DMSO-d) 8 3.06-3.19 (m, 1 H),
3.58-3.74 (m, 2 H), 4.01-4.12 (m, 1 H), 4.25-4.34 (m, 1 H),
4.49-4.63 (m, 2 H), 5.12-5.31 (m, 2 H), 7.11-7.18 (m, 1 H),
7.24-7.40 (m, 6 H), 7.40-7.44 (m, 1 H), 7.46-7.51 (m, 1 H),
7.99-8.03 (m, 1 H), 8.04-8.07 (m, 1 H), 11.20-11.26 (m, 1 H).
ESI-MS m/z [M+H]* calc’d for C, ,H, NO,, 412.17; found

412.4.

Example 146

5-(6-chloro-2,3-dihydro-1H-inden-1-y1)-2-(1H-in-
dol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4 ]oxazino[3,4-h]
pteridin-6(5H)-one

2-Chloro-5-(6-chloro-2,3-dihydro-1H-inden-1-yl1)-6a,7,9,
10-tetrahydro-[1,4]oxazino|3,4-h]pteridin-6(5H)-one
(PREPARATION x41, 90 mg, 0.230 mmol), 4-(4,4,5,5-tet-
ramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (112 mg,
0.460 mmol) and PdCl,(dppf) (8.42 mg, 0.012 mmol) were
suspended in dioxane (2 mL) and aqueous saturated NaHCO,
(0.4 mL). The resulting brown suspension was heated to 100°
C. and stirred overnight. The reaction mixture was subse-
quently diluted with EtOAc and washed with aqueous satu-
rated NH,CI (3x5 mL). The combined organic layers were
dried over MgSQ,, filtered, and concentrated to give crude
product, which was taken up in DMSO (1.5 mL) and purified
by LC/MS using a gradient of 35-60% CH;CN (with 0.035%
TFA) in H,O (with 0.05% TFA). The pure fractions were
combined and lyophilized to give a TFA salt of the title
compound as a bright yellow solid (20.2 mg, 18.6%). 'H
NMR (400 MHz, DMSO-d,) d 2.42-2.49 (m, 2 H), 2.93-3.24
(m, 4 H), 3.60-3.72 (m, 2 H), 3.98-4.15 (m, 1 H), 4.15-4.35
(m, 1 H), 4.43-4.66 (m, 2 H), 7.12-7.49 (m, 7 H), 7.50-7.59
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(m, 1 H), 7.89-7.98 (m, 1 H), 11.27-11.36 (m, 1 H). ESI-MS
n/z [M+H]" cale’d for C, H,,CINO,, 472.15; found 472.5.

Example 147

1-(4-(5-(6-chloro-2,3-dihydro-1H-inden-1-yl)-6-oxo-
5,6,6a,7,9,10-hexahydro-[ 1,4|oxazino[3,4-h|pteridin-
2-yD)phenyl)-3-methylurea

<‘ 2 jﬂ SN
0
J]\ CH;
N N7
i i

The title compound was prepared in a manner similar to
EXAMPLE 84 using 2-chloro-5-(6-chloro-2,3-dihydro-1H-
inden-1-yl)-6a,7,9,10-tetrahydro-| 1,4]oxazino[3,4-h|pteri-
din-6(5H)-one (PREPARATION x41, 90 mg, 0.230 mmol),
1-methyl-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)urea (127 mg, 0.460 mmol) and PdCl,(dpp{) (8.42
mg, 0.012 mmol) in dioxane (2 mL) and aqueous saturated
NaHCO, (0.4 mL). "H NMR (400 MHz, DMSO-dy) § 2.36-
2.45 (m, 2 H), 2.62-2.66 (d, 3 H), 3.08-3.22 (m, 3 H), 3.55-
3.67 (m, 3 H), 3.95-4.10 (m, 1 H), 4.13-4.30 (m, 1 H), 4.38-
4.66 (m, 2 H), 6.03-6.16 (m, 1 H), 7.14-7.43 (m, 4 H), 7.43-
7.52(d, 2 H), 8.03-8.16 (d, 2 H), 8.72-8.82 (m, 1 H). ESI-MS
m/z [M+H]" cale’d for C, H,sCINO;, 505.17; found 505 .4.

Example 148

1-(4-(5-(6-methoxy-2,3-dihydro-1H-inden-1-y1)-6-
0x0-5,6,6a,7,9,10-hexahydro-| 1,4]oxazino|3,4-h]
pteridin-2-yl)phenyl)-3-methylurea

O
CH;
¢ ﬁi
(@)
< E>\: pr XN
O
J]\ CH3
N N/
H H

The title compound was prepared in a manner similar to
EXAMPLE 84 using 2-chloro-5-(6-methoxy-2,3-dihydro-
1H-inden-1-yl)-6a,7,9,10-tetrahydro-[ 1,4 ]oxazino[3,4-h]
pteridin-6(5H)-one (PREPARATION x43, 70 mg, 0.181
mmol), 1-methyl-3-(4-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)phenyl)urea (100 mg, 0.362 mmol) and PdC1,
(dpp?) (6.62 mg, 9.05 umol) in dioxane (3 mL.) and aqueous
saturated NaHCO, (0.6 mL). "H NMR (400 MHz, DMSO-d,)
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82.23-2.45 (m, 3 H), 2.60-2.66 (m, 3 H), 2.87-3.17 (m, 4 H),
3.55-3.72 (m, 4 H), 3.95-4.10 (m, 1 H), 4.16-4.34 (m, 1 H),
438-4.64 (m, 2 H), 6.04-6.15 (m, 1 H), 6.49-6.91 (m, 3 H),
7.23-7.34 (m, 1 H), 7.41-7.50 (m, 2 H), 8.04-8.14 (m, 2 H),
8.72-881 (m, 1 H). ESI-MS m/z [M+H]* calc’d for
C,,H,.N,0,, 501.22; found 501.5.

Example 149 & 150

(R)-2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4]
oxazino[3,4-h]pteridin-6(5H)-one and (S)-2-(1H-
indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-h]
pteridin-6(5H)-one

O
(6] j
N
HN. e N __
| P NH and
N

NH

To a 2 mL. microwave vial were added 2-chloro-6a,7,9,10-
tetrahydro-[ 1,4]oxazino|3,4-h]pteridin-6(5SH)-one (PREPA-
RATION x1, 200 mg, 0.831 mmol), 4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-y1)-1H-indole (303 mg, 1.247 mmol)
and [1,1'-bis(diphenylphosphino)ferrocene]-dichloropalla-
dium(II) (34.2 mg, 0.042 mmol). After the vial was sealed,
dioxane (3.3 mL) and aqueous saturated NaHCO, (0.83 mL)
were added, and the mixture was degassed by bubbling nitro-
gen through a syringe needle for 10 minutes. The mixture was
then heated in a microwave to 120° C. for 60 minutes. Com-
bined organic layers were dried over MgSQ,, filtered, and
concentrated. DMF (1 mL) was added and the mixture was
filtered by syringe filter. The crude product was purified by
preparatory HPLC using a 10-25% gradient of CH,CN (with
0.035% TFA) in H,O (with 0.05% TFA). Lyophilization of
the collected fractions gave a racemic mixture of the title
compounds (TFA salt) (65 mg, 24.3%). "H NMR (DMSO-dy)
8 3.18 (td, J=12.6, 3.3 Hz, 1H), 3.55-3.71 (m, 2H), 4.04 (dd,
J=11.6,3.3 Hz, 1H), 4.19 (dd, J=11.4, 3.8 Hz, 1H), 4.50 (d,
J=8.1 Hz, 1H), 4.63 (d, I=12.6 Hz, 1H), 7.18-7.27 (m, 2H),
7.51 (brs, 1H), 7.60 (d, J=8.1 Hz, 1H), 7.84 (s, 1H), 7.88 (d,
J=7.3Hz,1H),11.07 (brs, 1H), 11.41 (brs, 1H). ESI-MS nv/z
[M+H]* calc’d for C,,H, ;N,O,, 322.12; found 322.3.

The racemic mixture was subsequently dissolved in MeOH
(10 mL) and separated by supercritical fluid chromatography
(SFC): Chiralcel OJ-H (5 um, 20x150 mm), 40% MeOH in
liquid CO, at 50 mL/min, 3.3 ml/injection. The fractions
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collected at 5.8 and 7.1 minutes were identified as the enan-
tiomers of the title compound, but the absolute stereochemi-
cal configuration was not assigned. Lyophilization of each
enantiomer gave TFA salts of the title compounds (EX-
AMPLE 149: 10 mg, shorter retention time; EXAMPLE 150:
11 mg, longer retention time).

Example 151

2-(benzo[d][1,3]dioxo0l-4-y1)-6a,7,9,10-tetrahydro-
[1,4]oxazino[3,4-h]pteridin-6(5H)-one

o
e
N
N
XN 0
DWW
N

The title compound was prepared in a manner similar to
EXAMPLE 84 using 2-chloro-6a,7,9,10-tetrahydro-[ 1,4 ]ox-
azino[3,4-h]pteridin-6(5H)-one (PREPARATION x1, 50 mg,
0.208 mmol), benzo[d][1,3]dioxol-4-ylboronic acid (51.7
mg, 0.312 mmol) and PdCL,(dppf) (7.60 mg, 10.39 pmol) in
dioxane (2 mL) and aqueous saturated NaHCO, (0.4 mL). 'H
NMR (400 MHz, DMSO-d,) 8 2.96-3.09 (m, 1 H), 3.62 (m, 2
H), 3.93-4.01 (m, 1 H), 4.11-4.20 (m, 1 H), 4.36-4.46 (m, 1
H), 4.52-4.62 (m, 1 H), 6.12 (5,2 H), 6.94 (t, 1 H), 7.02 (m, 1
H), 7.58-7.65 (m, 1 H), 7.83 (s, 1 H), 10.98 (s, 1H). ESI-MS
m/z [M+H]* cale’d for C, H, ,N,O,, 327.10; found 327.3.

Example 152

2-(1H-benzo[d]imidazol-4-y1)-6a,7,9,10-tetrahydro-
[1,4]oxazino[3,4-h]pteridin-6(5H)-one

O j
N
N
AN N=\
| _ NI
N

The title compound was prepared in a manner similar to
EXAMPLE 84 using 2-chloro-6a,7,9,10-tetrahydro-[ 1,4 ]ox-
azino[3,4-h]pteridin-6(5H)-one (PREPARATION x1, 50 mg,
0.208 mmol), 1H-benzo[d]|imidazol-4-ylboronic acid (71.5
mg, 0.441 mmol), and PdCl,(dpp?) (7.60 mg, 10.39 pmol) in
dioxane (2 mL) and aqueous saturated NaHCO, (0.4 mL). 'H
NMR (400 MHz, DMSO-dy) 8 3.10-3.19 (m, 1 H), 3.50-3.59
(m,2H),3.99(d,J=3.28 Hz, 1 H), 4.18 (dd, J=11.24,3.66 Hz,
1 H), 4.43 (dd, J=10.61, 3.79 Hz, 1 H), 4.59-4.71 (m, 1 H),
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7.49-7.67 (m, 1 H), 7.90 (d, J=8.08 Hz, 1 H), 8.03 (s, 1 H),
8.39 (d, J=7.83 Hz, 1 H), 9.23 (br s, 1 H), 11.03 (s, 1 H).
ESI-MS m/z [M+H]" calc’d for C, ;H, ,N O,, 323.12; found
323.2.

Example 153 & 154

(8)-2-(1H-indol-4-y1)-5-((S)-1-p-tolylethyl)-6a,7.9,
10-tetrahydro-[ 1,4 ]oxazino|3,4-h]pteridin-6(5H)-one
and (R)-2-(1H-indol-4-y1)-5-((S)-1-p-tolylethyl)-6a,
7,9,10-tetrahydro-[ 1,4 ]oxazino[3,4-h]pteridin-6(5SH)-

NH and

The title compounds were prepared in a manner similar to
EXAMPLE 146 using 4-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)-1H-indole (56.9 mg, 0.234 mmol), PdCl,
(dpp?) (5.71 mg, 7.80 umol), and either Diastereomer 1 (EX-
AMPLE 153) or Diastercomer 2 (EXAMPLE 154) of
2-chloro-5-((S)-1-p-tolylethyl)-6a,7,9,10-tetrahydro-[ 1,4]
oxazino[3,4-h]pteridin-6(5H)-one (PREPARATION x35, 56
mg, 0.156 mmol) in dioxane (1.5 mL) and aqueous saturated
NaHCO, (0.3 mL).

Example 153

'H NMR (400 MHz, DMSO-d,) § 1.70-1.80 (m, 3 H),
1.81-1.87 (m, 1 H), 2.24-2.28 (m, 1 H), 2.31 (s, 1 H), 3.07-
3.20 (m, 1 H), 3.59-3.71 (m, 3 H), 4.01-4.13 (m, 1 H), 4.23-
435 (m, 1 H), 4.43-4.64 (m, 2 H), 6.25-6.36 (m, 1 H), 7.11-
7.33 (m, 5 H), 7.40-7.47 (m, 1 H), 7.48-7.57 (m, 1 H), 7.60-
7.66 (m, 1 H), 7.91-7.98 (m, 1 H), 11.15-11.40 (m, 1 H).
ESI-MS m/z [M+H]" cale’d for C,H,sN5O,, 440.20; found
440.5.

Example 154

'H NMR (400 MHz, DMSO-d,) & 1.72-1.79 (m, 1 H),
1.80-1.88 (m, 3 H), 2.27 (s, 1 H), 2.29-2.33 (m, 1 H), 3.08-
3.20 (m, 1 H), 3.61-3.71 (m, 2 H), 3.71-3.80 (m, 1 H), 4.01-
4.12 (m, 1 H), 4.23-4.35 (m, 1 H), 4.43-4.63 (m, 2 H), 6.11-
6.23 (m, 1 H), 6.26-6.35 (m, 1 H), 7.10-7.34 (m, 3 H), 7.40-

10

15

20

25

30

35

40

45

50

55

60

65

152
7.48 (m, 1 H), 7.49-7.57 (m, 1 H), 7.60-7.65 (m, 1 H), 7.74-
7.82 (m, 1 H), 7.86-7.96 (m, 1 H), 11.22-11.35 (m, 1 H).
ESI-MS m/z [M+H]* calc’d for C,4H,sN5O,, 440.20; found
440.5.

Example 155

5-(4-(methylsulfonyl)benzyl)-2-(1H-pyrrolo[2,3-b]
pyridin-4-yl)-6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-
h]pteridin-6(5H)-one
O

O
H3C\s// 0 j
O// N
N\ﬁ\
N
| =
N

5-(4-(Methylsulfonyl)benzyl)-2-(1-tosyl-1H-pyrrolo[2,3-
blpyridin-4-y1)-6a,7.9,10-tetrahydro-[ 1,4]oxazino[3,4-h]
pteridin-6(SH)-one (PREPARATION x44, 130 mg, 0.202
mmol) was dissolved in DMF (7 mL). Potassium hydroxide
(2M, 302 uL, 0.605 mmol) in methanol (3 mL) was added
dropwise. The reaction was stirred at room temperature for 18
hours. The reaction mixture was subsequently diluted with
CH,C1, (5§ mL) and washed with 1M hydrochloric acid (3x3
ml) and brine (3x3 mL). The combined organic layers were
dried over MgSO,,, filtered, and concentrated in vacuo to give
crude product, which was purified by LC/MS using a gradient
0f 20-35% CH,CN (with 0.035% TFA) in H,O (with 0.05%
TFA). The pure fractions were combined and lyophilized to
afford a TFA salt of the title compound as an off-white solid
(7 mg, 7%). "H NMR (400 MHz, DMSO-d,) 8 3.22 (s, 3 H),
3.42-3.50 (m, 2 H), 3.69-3.77 (m, 1 H), 4.04-4.12 (m, 1 H),
4.26-4.32 (m, 1 H), 4.54-4.68 (m, 2 H), 5.23-5.43 (m, 2 H),
7.20-7.25 (m, 1 H), 7.53-7.57 (m, 1 H), 7.59-7.65 (m, 2 H),
7.88-7.95 (m, 3 H), 8.08-8.12 (m, 1 H), 8.27-8.32 (m, 1 H),
11.73-11.80 (m, 1 H). ESI-MS m/z [M+H]* calc’d for
C,,H,,N.O,S, 491.14; found 491.4.

Example 156
2-(2-methyl-1H-imidazol-1-y1)-5-(4-(methylsulfo-

nyl)benzyl)-6a,7,9,10-tetrahydro-[ 1,4]oxazino[3,4-h]
pteridin-6(5H)-one

e}

Hsco\//s// Oﬁ)i Nj
N \f\j\l\
=
) D

HC N
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Step A: 4-(5-bromo-2-(2-methyl-1H-imidazol-1-y1)
pyrimidin-4-y1)-N-(4-(methylsulfonyl)benzyl)mor-
pholine-3-carboxamide

O\\ _CH;

O. S\\
[ jWH\/O/ 0
N
N
Br | \N O

HATU (207 mg, 0.544 mmol) was added to a mixture of
4-(5-bromo-2-(2-methyl-1H-imidazol-1-yl)pyrimidin-4-y1)
morpholine-3-carboxylic acid, HC1 (PREPARATION x53,
200 mg, 0.494 mmol), 4-methanesulfonyl-benzylamine (101
mg, 0.544 mmol) and Et;N (0.276 mL,, 1.977 mmol) in DMF
(4 mL) at 0° C. The resulting mixture was stirred at room
temperature for 1 hour, then diluted with EtOAc and water,
and extracted with EtOAc (2x). The extract was washed with
brine, dried over Na,SO,, filtered, and concentrated in vacuo
to give a residue, which was purified by column chromatog-
raphy (SiO,, 0-10% MeOH in CHCI, gradient) to give the
title compound as a colorless amorphous solid (196 mg,
74.1%). 'H NMR (400 MHz, DMSO-d,) 8 2.58 (s, 3 H), 3.19
(s,3H),3.47-3.67 (m, 2H),3.69-3.83 (m, 1 H), 3.89-3.98 (m,
1H),4.28-4.53 (m, 4 H), 4.95 (brs, 1 H), 6.86 (d, J=1.52 Hz,
1H),7.47 (d,]=8.59 Hz,2 H), 7.71 (d, J=1.52 Hz, 1 H), 7.78
(d, J=8.34 Hz, 2 H), 8.60 (s, 1 H), 8.81 (t, J=5.81 Hz, 1 H).

Step B: 2-(2-methyl-1H-imidazol-1-y1)-5-(4-(meth-
ylsulfonyl)benzyl)-6a,7,9,10-tetrahydro-[1,4]oxazino
[3,4-h]pteridin-6(5H)-one

A mixture of 4-(5-bromo-2-(2-methyl-1H-imidazol-1-yl)
pyrimidin-4-y1)-N-(4-(methylsulfonyl)benzyl )morpholine-
3-carboxamide (100 mg, 0.187 mmol), palladium(Il) acetate
(4.19 mg, 0.019 mmol), Xantphos (21.61 mg, 0.037 mmol),
and potassium phosphate, tribasic (79 mg, 0.374 mmol) in
1,4-dioxane (1 mL) and tert-butanol 0.25 ml. was heated to
100° C. in a microwave for 1 hour and then heated again to
100° C. in the microwave for 10 hours. Water was subse-
quently added to the reaction mixture, which formed a pre-
cipitate that was collected by filtration. The solids were
washed with water and EtOAc to afford the title compound as
an off-white solid (54.2 mg, 63.8%). 'H NMR (400 MHz,
DMSO-d,) 8 2.63 (s, 3 H), 3.02-3.13 (m, 1 H), 3.21 (s, 3 H),
3.53-3.64 (m, 1 H),3.71 (t,J=10.99 Hz, 1 H), 3.98-4.06 (m, 1
H),4.26 (dd, J=11.24,3.92 Hz, 1 H), 4.37-4.45 (m, 1 H), 4.65
(dd, J=10.61, 3.79 Hz, 1 H), 5.17-5.37 (m, 2 H), 6.83 (d,
J=1.52Hz,1H),7.59(d, J=8.34 Hz, 2 H), 7.73 (d, J=1.52 Hz,
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1 H), 7.84-7.94 (m, 3 H). ESI-MS m/z [M+H]* calc’d for
C,,H,,N,0,8S, 455.14; found 455.3.

Example 157

2-(2-(difluoromethyl)-1H-benzo[d]imidazol-1-yl)-5-
((5-methyl-1,3,4-oxadiazol-2-yl)methyl)-6a,7,9,10-
tetrahydro-[ 1,4]oxazino|3,4-h]pteridin-6(5H)-one

o)
o) j
/N\N N
H3C4<J\/
o N | Ny
)\
N N
.
F N

Step A: 4-(5-bromo-2-(2-(difluoromethyl)-1H-benzo
[c]imidazol-1-y])pyrimidin-4-y1)-N-((5-methyl-1,3,
4-oxadiazol-2-yl)methyl)morpholine-3-carboxamide

O _N
[Njﬁ‘/ §\/Iﬁ\ o\>;CH3
Br

a

)\

N N
-

F N

To astirred solution of 4-(5-bromo-2-(2-(difluoromethyl)-
1H-benzo|c]imidazol-1-yl)pyrimidin-4-yl)morpholine-3-
carboxylic acid (PREPARATION x45, 250 mg, 0.55 mmol)
was added (5-methyl-1,3,4-oxadiazol-2-yl)methanamine
(114 mg, 0.72 mmol), EDC (138 mg, 0.72 mmol), Et;N (167
mg, 1.65 mmol) and HOBt (81 mg, 0.6 mmol). The reaction
mixture was stirred overnight. Water was subsequently added
and the resulting mixture was extracted with DCM (3x). The
combined organic layers were washed with water, dried over
sodium sulfate, and concentrated in vacuo. The crude product
was purified by column chromatography (SiO,, DCM:
MeOH=18:1) to give the title compound (120 mg, 40%). 'H
NMR (400 MHz, CDCl,) § 2.52 (s, 3H), 3.93-3.77 (m, 4H),
4.05-4.03 (m, 1H), 4.23-4.20 (m, 1H), 4.61-4.59 (m, 1H),
4.71-4.71 (m, 2H), 5.08 (s, 1H), 7.25 (d, J=8.0 Hz, 1H),
7.66-7.39 (m, 4H), 7.90 (d, I=7.2 Hz, 1H), 8.02 (s, 2H), 8.28
(d, J=8.0 Hz, 1H), 8.62 (s, 1H).
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Step B: 2-(2-(difluoromethyl)-1H-benzo[d]imidazol-
1-yD)-5-((5-methyl-1,3,4-oxadiazol-2-yl)methyl)-6a,
7,9,10-tetrahydro-[ 1,4 ]oxazino[3,4-h]pteridin-6(5SH)-
one

A mixture of 4-(5-bromo-2-(2-(difluoromethyl)-1H-benzo
[c]imidazol-1-yl)pyrimidin-4-yl1)-N-((5-methyl-1,3,4-oxa-
diazol-2-yl)methyl)morpholine-3-carboxamide (30 mg, 0.05
mmol), Pd(OAc), (1 mg, 0.005 mmol), BINAP (2.5 mg, 0.05
mmol) and Cs,CO;(33.0 mg, 0.10 mmol) in dioxane (5 mL)
was stirred overnight at 100° C. under a blanket of nitrogen.
The mixture was subsequently concentrated and the resulting
residue was purified by column chromatography (SiO,,
DCM:MeOH=18:1) to give the title compound as a white
solid (15 mg, 65%). "H NMR (400 MHz, DMSO-d) 8 3.24
(td, J=12.8,3.5Hz, 1H),3.39 (s, 3H), 3.62-3.78 (m, 2H), 4.10
(dd, J=11.5,3.2 Hz, 1H), 4.31 (dd, I=11.5, 3.9 Hz, 1H), 4.45
(dd, J=13.3, 1.4 Hz, 1H), 4.67 (dd, I=10.6, 3.8 Hz, 1H), 5.45
(d, J=16.9 Hz, 1H), 5.56 (d, J=16.9 Hz, 1H), 7.49 (td, J=8.1,
1.3 Hz, 1H), 7.52-7.59 (m, 1H), 7.84 (t, J=53.1 Hz, 1H), 7.92
(d, I=7.6 Hz, 1H), 8.36-8.42 (m, 2H). ESI-MS m/z [M+H]*
cale’d for C, H,F,N;O;, 469.15; found 469.

Example 158

1-methyl-3-(4-(6-ox0-5-(tetrahydro-2H-pyran-4-yl)-
5,6,6a,7,9,10-hexahydro-[ 1,4|oxazino[3,4-h|pteridin-
2-yl)phenyl)urea

O

O j
N
N Nn
0 |/©\
N 0
JI\CH
N N7
i i

To a 5 mL microwave vial were added 2-chloro-5-(tetrahy-
dro-2H-pyran-4-yl)-6a,7,9,10-tetrahydro-[ 1,4 |oxazino|3,4-
h]pteridin-6(5H)-one (PREPARATION x55, 190 mg, 0.585
mmol), 1-methyl-3-(4-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)phenyl)urea (404 mg, 1.463 mmol) and [1,1'-
bis(diphenylphosphino)ferrocene]-dichloropalladium(II)
(24.07 mg, 0.029 mmol). After the vial was sealed, dioxane (2
ml) and aqueous saturated NaHCO; (0.500 mL) were added,
and the mixture was degassed by bubbling nitrogen through a
syringe needle for 10 minutes. The mixture was heated in a
microwave to 120° C. for 60 minutes. Since the reaction was
not complete, another 0.025 equivalents of palladium catalyst
were added, and the mixture was heated in the microwave to
130° C. for another 60 minutes. DMF (1 mL) was added and
the mixture was filtered by syringe filter. The crude product
was purified by preparatory HPLC using a gradient of
15-25% CH,CN (with 0.035% TFA) in H,O (with 0.05%
TFA). Lyophilization of the collected fractions gave the title
compound as a white powder (21 mg, 8.2%). 'H NMR (400
MHz, DMSO-d,) 8 1.56-1.74 (m, 2H), 2.58-2.69 (m, 4H),
2.97 (td, J=12.8, 3.8 Hz, 1H), 3.41 (t, J=10.9 Hz, 1H), 3.47-
3.63 (m, 3H), 3.88-4.05 (m, 3H), 4.14-4.24 (m, 2H), 4.39 (d,
J=11.9 Hz, 2H), 6.05-6.15 (m, 1H), 7.45-7.55 (m, 2H), 8.15-
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8.23 (m, 2H), 8.46 (s, 1H), 8.75 (s, 1H). ESI-MS m/z [M+H]*
calc’d for C,,H,,N,O,, 439.2; found 439.5.

Example 159

(R)-1-methyl-3-(4-(6-0x0-5-(tetrahydro-2H-pyran-4-
y1)-5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h|pte-
ridin-2-yl)phenyl)urea

O

e

N

\ N
} W
N O
JI\ CH3
N N/
H H

An enantiomeric mixture of 1-methyl-3-(4-(6-oxo-5-(tet-
rahydro-2H-pyran-4-y1)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino[3,4-h]pteridin-2-yl)phenyl)urea (EXAMPLE 158, 16
mg) was dissolved in 32 ml of EtOH+1% TFA and was
separated by supercritical fluid chromatography (SFC):
Chiralcel OJ-H (5 um, 20x150 mm), 35% MeOH in liquid
CO, at 50 mL/min, 2 ml./injection. The peak eluting at 1.6
minutes was collected, concentrated, and lyophilized to give
a TFA salt of the title compound as a white powder (3.0 mg).
The stereochemical configuration was assigned based on
comparison of retention time of an enantio-enriched sample
synthesized in accordance with PREPARATIONS DD, -115
and -145 using optically pure (R)-morpholine-3-carboxylic
acid.

Example 160

(S)-1-methyl-3-(4-(6-ox0-5-(tetrahydro-2H-pyran-4-
y1)-5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h|pte-
ridin-2-yl)phenyl)urea



US 9,045,496 B2

157

A TFA salt of the title compound was obtained as the peak
eluting at 2.5 minutes by chiral SFC chromatography in
EXAMPLE 159.

Example 161

1-(4-(5-((S)-1-(4-chlorophenyl)ethyl)-6-0x0-5,6,6a,
7,9,10-hexahydro-[1,4]oxazino|3.4-h]pteridin-2-yl)
phenyl)-3-methylurea

A

The title compound was prepared in a manner similar to
EXAMPLE 85 using (S)-2-chloro-5-45)-1-(4-chlorophenyl)
ethyl)-6a,7,9,10-tetrahydro-| 1,4]oxazino[3,4-h|pteridin-6
(5H)-one (43 mg, 0.113 mmol), 1-methyl-3-(4-(4,4,5,5-tet-
ramethyl-1,3,2-dioxaborolan-2-yl)phenyl)urea (62.6 mg,
0.227 mmol) and [1,1'-bis(diphenylphosphino)ferrocene]-
dichloropalladium(II) (4.66 mg, 5.67 umol). The crude prod-
uct was purified by preparatory HPLC using a gradient of
25-40% CH;CN (with 0.035% TFA) in H,O (with 0.05%
TFA). Lyophilization of the collected fractions gave a TFA
salt of the title compound as a white powder (23 mg, 41%).
Relative stereoconfiguration was not assigned. "H NMR (400
MHz, DMSO-d,) 8 1.74 (d,J=7.3 Hz, 3H), 2.64 (d, J=4.5 Hz,
3H), 3.00 (td, J=12.9, 3.5 Hz, 1H), 3.55-3.64 (m, 3H), 4.02
(dd, J=11.2, 3.4 Hz, 1H), 4.24 (dd, J=11.2, 3.9 Hz, 1H),
4.45-4.53 (m, 2H), 6.04-6.10 (m, 1H), 6.25 (q, J=7.2 Hz, 1H),
7.44 (s,8H),7.58 (s, 1H),8.11 (d, J=8.8 Hz, 2H), 8.71 (s, 1H).
ESI-MS nv/z [M+H]* calc’d for C,sH,sCIN,O;, 493.17,
found 493.5.

0
JJ\ CH;

N N~

i i

Example 162

2-(2-aminopyrimidin-5-y1)-5-(5)-1-(4-chlorophenyl)
ethyl)-6a,7,9,10-tetrahydro-[ 1,4 ]oxazino|[3,4-h]pteri-
din-6(5H)-one

0
cl 0 j
N
N
Xy
CH; | Z
N SN

The title compound was prepared in a manner similar to
EXAMPLE 85 using (S)-2-chloro-5-((S)-1-(4-chlorophenyl)
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ethyl)-6a,7,9,10-tetrahydro-| 1,4]oxazino| 3,4-h|pteridin-6
(5H)-one (66 mg, 0.174 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyrimidin-2-amine (38.5 mg, 0.174
mmol) and [1,1'-bis(diphenylphosphino)ferrocene]-dichlo-
ropalladium(II) (7.16 mg, 8.70 umol). The crude product was
purified by preparatory HPL.C using a gradient of 35-55%
CH,CN (with 0.035% TFA) in H,O (with 0.05% TFA). Lyo-
philization of the collected fractions gave a diastercomeric
mixture of the title compound (TFA salt) as a white solid (23
mg, 30.2%). ESI-MS nv/z [M+H]" calc’d for C,,H,,CINO,,
438.14; found 438.4.

Example 163

5-45)-1-(4-chlorophenyl)ethyl)-2-(1H-indol-4-y1)-6a,
7,9,10-tetrahydro-[ 1,4]oxazino|3,4-h|pteridin-6(5H)-

one
o
ci 0 j
N
N
AN —
o, | P NI
N

The title compound was prepared in a manner similar to
EXAMPLE 85 using (S)-2-chloro-5-((S)-1-(4-chlorophenyl)
ethyl)-6a,7,9,10-tetrahydro-| 1,4]oxazino| 3,4-h|pteridin-6
(5H)-one (43 mg, 0.113 mmol), 1H-indol-4-ylboronic acid
(36.5 mg, 0.227 mmol) and [1,1'-bis(diphenylphosphino)fer-
rocene]-dichloropalladium(Il) (4.66 mg, 5.67 umol). The
crude product was purified by preparatory HPLC using a
gradient 0f35-50% CH;CN (with 0.035% TFA) in H,O (with
0.05% TFA). Lyophilization of the collected fractions gave a
diastereomeric mixture of title compound (TFA salt) as a
yellow powder (23 mg, 44.1%). "H NMR (400 MHz, DMSO-
dg) 8 1.74-1.81 (m, 2H), 1.82-1.89 (m, 1H), 11.20-11.34 (m,
1H), 3.07-3.18 (m, 1H), 3.58-3.77 (m, 3H), 4.03-4.12 (m,
2H), 4.23-4.31 (m, 2H), 4.41-4.60 (m, 3H), 6.32-6.08 (m,
1H), 7.12-7.19 (m, 1H), 7.22-7.30 (m, 1H), 7.35-7.55 (m,
6H), 7.81-7.73 (m, 1H), 7.91-8.01 (m, 1H). ESI-MS m/z
[M+H]* calc’d for C,sH,,CINO,, 460.15; found 460.4.

Example 164

2-(1H-indol-4-y1)-5-(pyrimidin-2-ylmethyl)-5,6,6a,7,
9,10-hexahydro-[1,4]oxazino[3,4-h]pteridine

e

\N)\/N | Xy -
_ NH
N
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A TFA salt of the title compound was prepared in accor-
dance with the method described for EXAMPLES 32 through
45. "H NMR (400 MHz, DMSO-dy) 8 3.42-3.49 (m, 3 H),
3.58-3.71 (m, 2 H), 3.89-4.17 (m, 3 H), 4.67-4.79 (m, 2 H),
4.97-5.10 (m, 1 H), 6.95-7.08 (m, 1 H), 7.19-7.33 (m, 1 H),
7.43-7.50 (m, 1 H), 7.51-7.73 (m, 4 H), 8.77-8.90 (m, 2 H),
11.47-11.63 (m, 1 H). ESI-MS m/z [M+H]" calc’d for
C,,H,,N-O, 400.18; found 400.2.

Example 165
(R)-methyl 2-((2-(1H-indol-4-y1)-6a,7,9,10-tetrahy-

dro-[1,4]oxazino[3,4-h]pteridin-5(6H)-yl )methyl)-4-
methylbenzoate

o, e j
)
B | AN —
- NH
(6] (6] N
CH;
(R)-Methyl  2-((2-chloro-6a,7,9,10-tetrahydro-[1,4]ox-

azino[3,4-h|pteridin-5  (6H)-yl)methyl)-4-methylbenzoate
(PREPARATION x57, 100 mg, 0.257 mmol), 1H-indol-4-
ylboronic acid (83 mg, 0.514 mmol) and PdCl,(dppf) (18.82
mg, 0.026 mmol) in dioxane (2 mL) and aqueous saturated
NaHCO; (0.4 mL) were combined to give a brown suspen-
sion, which was heated to 100° C. and stirred overnight. The
reaction mixture was subsequently diluted with ethyl acetate
and washed with aqueous saturated NH,Cl (3x10 mL). The
combined organic layers were dried over MgSO,, filtered,
and concentrated in vacuo. The crude product was then
loaded onto an ISCO® silica gel cartridge (4 g) and eluted
using an ethyl acetatehexane gradient. The product was col-
lected and concentrated in vacuo to afford a TFA salt of the
title compound as a yellow solid (75 mg, 62%). "HNMR (400
MHz, DMSO-d,) 8 ppm 2.22-2.32 (m, 3 H), 3.11-3.26 (m, 4
H), 3.50-3.63 (m, 1 H), 3.76 (s, 3 H), 3.80-3.98 (m, 2 H),
4.00-4.11 (m, 1 H), 4.59-4.92 (m, 3 H), 6.91-7.08 (m, 1 H),
7.11-7.28 (m, 3 H), 7.28-7.39 (m, 1 H), 7.42-7.70 (m, 3 H),
7.72-7.85 (m, 1 H), 11.30-11.54 (m, 1 H); ESI-MS nv/z
[M+H]* cale’d for C,,H,,N;O;, 470.22; found 470.3.

Example 166
(R)-(2-((2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4]

oxazino[3,4-h]pteridin-5(6H)-yl)methyl)-4-meth-
ylphenyl)methanol
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(R)-Methyl 2-((2-(1H-indol-4-yl1)-6a,7,9,10-tetrahydro-
[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)methyl)-4-methylben-
zoate (EXAMPLE 165, 55 mg, 0.117 mmol) in THF (2 mL)
was cooled to 0° C. LiAlH, in THF (2M, 0.088 mL, 0.176
mmol) was then added and the reaction mixture was allowed
to slowly warm to room temperature. The reaction mixture
was stirred overnight and was quenched with saturated
NH,CI, diluted with ethyl acetate, and washed with aqueous
saturated NH,Cl (3x10 mL). The combined organic layers
were dried over MgSQ,, filtered, and concentrated in vacuo.
The product was purified by LC/MS using a 20-35% CH,CN
gradient in H,O with 0.035% TFA. The pure fractions were
combined and lyophilized to afford a TFA salt of the title
compound as a yellow solid (13.6 mg, 26.3%). "H NMR (400
MHz, DMSO-d,) d ppm 3.08-3.20 (m, 1 H), 3.23-3.41 (m, 5
H), 3.57-3.67 (m, 2 H), 3.87-4.03 (m, 2 H), 4.05-4.16 (m, 1
H), 4.36-4.47 (m, 1 H), 4.51-4.60 (m, 2 H), 4.61-4.79 (m, 2
H), 6.96-7.16 (m, 3 H), 7.18-7.39 (m, 2 H), 7.42-7.51 (m, 1
H), 7.51-7.76 (m, 3 H), 11.37-11.64 (m, 1 H); ESI-MS m/z
[M+H]* cale’d for C,4H,,NO,, 442.22; found 442.3.

Example 167

(R)-5-((5-ethyl-1,3,4-oxadiazol-2-yl)methyl)-2-(1H-
pyrrolo[2,3-c]pyridin-4-y1)-5,6,6a,7,9,10-hexahydro-
[1,4]oxazino[3,4-h]pteridine

\ﬁ\N —
| N)\[§NH
| P

A TFA salt of'the title compound was prepared in a manner
similar to Example 2 using (R)-2-chloro-5-((5-ethyl-1,3,4-
oxadiazol-2-yl)methyl)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino[3,4-h]pteridine (PREPARATION x19, 70 mg, 0.208
mmol), 1-acetyl-1H-pyrrolo[2,3-c]pyridin-4-ylboronic acid
(85 mg, 0.416 mmol), and PACL,(dppf) (7.60 mg, 10.39 umol)
in dioxane (2 mL) and aqueous saturated NaHCO, (0.4 mL)
(8.3 mg, 9.5%). '"H NMR (400 MHz, DMSO-dy) 8 ppm
1.22-1.28 (m, 3 H), 2.80-2.91 (m, 2 H), 3.13-3.31 (m, 2 H),
3.52-3.63 (m, 1 H), 3.76-3.87 (m, 2 H), 3.95-4.14 (m, 1 H),
4.57-4.68 (m, 1 H), 4.73-4.83 (m, 1 H), 5.04-5.14 (m, 1 H),
7.00-7.08 (m, 1 H), 7.85-7.94 (m, 1 H), 8.16-8.24 (m, 1 H),
8.41-8.50 (m, 1 H), 9.29-9.39 (m, 1 H), 10.03-10.12 (m, 1 H),
12.83-12.95 (m, 1 H); ESI-MS m/z [M+H]" calc’d for
C,,H,,N;O,, 419.19; found 419.3.

Example 168
(R)-5-(5-((5-ethyl-1,3,4-oxadiazol-2-yl)methyl)-5,6,
6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h|pteridin-2-
yDpyridin-2-ol

CH;

0
N/
\N/ N

z ””"”\O

CHj, =/oj
Van (\N
\ = N
| N
N/ AN
| =
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A TFA salt of the title compound was prepared in a manner
similar to Example 2 using (R)-2-chloro-5-((5-ethyl-1,3,4-
oxadiazol-2-yl)methyl)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino|3,4-h]pteridine (PREPARATION x19, 75 mg, 0.223
mmol), 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)py-
ridin-2-o01 (98 mg, 0.445 mmol), and PdCl,(dpp1) (8.15 mg,
0.011 mmol) in dioxane (2 ml) and aqueous saturated
NaHCO, (0.4 mL) (8.4 mg, 9.5%). '"H NMR (400 MHz,
DMSO-d,) d ppm 1.24 (t,]=7.45Hz,3 H),2.84 (d, J=7.58 Hz,
2 H), 3.05-3.28 (m, 5 H), 3.75-3.88 (m, 1 H), 3.92-4.07 (m, 2
H), 4.62-4.77 (m, 2 H), 4.90-5.03 (m, 1 H), 6.40-6.50 (m, 1
H), 7.67 (s, 1 H), 8.10-8.20 (m, 1 H), 8.20-8.30 (m, 1 H),
11.95-12.33 (m, 1 H); ESI-MS m/z [M+H]" calc’d for
C,oH, N;O,, 396.18; found 396.3.

Example 169

(R)-4-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-y1)-2-methylbutan-2-o0l

O
_/
)
HsC N
h/\/ = N —_—
ol | NH
3 =
N

A TFA salt of the title compound was prepared in a manner
similar to Example 2 using (R)-4-(2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)-2-methylbu-
tan-2-ol (PREPARATION x58, 70 mg, 0.224 mmol), 1H-in-
dol-4-ylboronic acid (72.0 mg, 0.448 mmol), and PdCl,
(dpp?) (8.19 mg, 0.011 mmol) in dioxane (2 mL.) and aqueous
saturated NaHCO), (0.4 mL) (7 mg, 8%). 'HNMR (400 MHz,
DMSO-dy) 8 ppm 1.10-1.21 (m, 6 H), 1.59-1.75 (m, 2 H),
3.01-3.15 (m, 1 H), 3.22-3.28 (m, 2 H), 3.42-3.54 (m, 3 H),
3.54-3.66 (m, 1 H), 3.81-3.97 (m, 1 H), 3.97-4.16 (m, 2 H),
4.48-4.65 (m, 1 H), 4.65-4.76 (m, 1 H), 6.97-7.09 (m, 1 H),
7.36-7.46 (m, 1 H), 7.46-7.60 (m, 2 H), 7.60-7.72 (m, 2 H),
11.42-11.60 (m, 1 H); ESI-MS m/z [M+H]* calc’d for
C,,H,,N,O,, 394.22; found 394.3.

Example 170
(R)-4-(2-(1H-pyrrolo[2,3-c]pyridin-4-yl)-6a,7,9,10-

tetrahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-y1)-2-
methylbutan-2-ol

o
-
i
H,C N
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Z
N

10

20

35

40

45

60

65

162

A TFA salt of'the title compound was prepared in a manner
similar to Example 2 using (R)-4-(2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)-2-methylbu-
tan-2-ol (PREPARATION x58, 70 mg, 0.224 mmol),
1-acetyl-1H-pyrrolo[2,3-c|pyridin-4-ylboronic acid (91 mg,
0.448 mmol), PACL,(dppf) (8.19 mg, 0.011 mmol) in dioxane
Q mlL) and aqueous saturated NaHCO, (0.4 mL) (2 mg, 2%).

HNMR (400 MHz, CD,CN) d ppm 1.23 (d, J=2.02Hz, 6 H),
3.05-3.43 (m, 7 H), 3.47-3.71 (m, 4 H), 3.90-3.99 (m, 1 H),
4.03-4.12 (m, 1 H), 4.49-4.63 (m, 1 H), 7.71-7.79 (m, 1 H),
7.79-7.84 (m, 1 H), 8.05-8.10 (m, 1 H), 8.95-9.07 (m, 2 H),
11.16-11.30 (m, 1 H); ESI-MS m/z [M+H]* calc’d for
C,,H,N,O,, 395.22; found 395.3.

Example 171
(R)-4-(2-(3-(hydroxymethyl)phenyl)-6a,7,9,10-tet-

rahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)-2-
methylbutan-2-ol

_/O

i
H,C N
SN
HO |
CH;j =
N on

A TFA salt of'the title compound was prepared in a manner
similar to Example 2 using (R)-4-(2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)-2-methylbu-
tan-2-ol (PREPARATION x58, 70 mg, 0.224 mmol), 3-(hy-
droxymethyl)phenylboronic acid (68.0 mg, 0.448 mmol),
PdCl,(dpp?) (8.19 mg, 0.011 mmol) in dioxane (2 mL.) and
aqueous saturated NaHCO, (0.4 mL) (6.6 mg, 7.7%). 'H
NMR (400 MHz, DMSO-d) 8 ppm 1.16 (d, J=2.02 Hz, 6 H),
1.58-1.72 (m, 2 H), 2.08 (s, 1 H), 2.98-3.12 (m, 1 H), 3.14-
3.38 (m, 2 H), 3.37-3.63 (m, 4 H), 3.76-3.90 (m, 2 H), 3.94-
4.13 (m,3 H),4.59 (s, 2H), 4.70-4.84 (m, 1 H), 7.43-7.60 (m,
2 H), 7.97-8.08 (m, 1 H), 8.09-8.17 (m, 1 H); ESI-MS nv/z
[M+H]* cale’d for C,;H,4N,O5, 385.22; found 385.3.

Example 172

(R)-(3-(5-((5-ethyl-1,3,4-oxadiazol-2-yl)methyl)-5,6,
6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h|pteridin-2-
yl)phenyl)methanol

CH; O

A TFA salt of'the title compound was prepared in a manner
similar to Example 2 using (R)-2-chloro-5-((5-ethyl-1,3,4-
oxadiazol-2-yl)methyl)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino[3,4-h]pteridine (PREPARATION x19, 70 mg, 0.208
mmol), 3-(hydroxymethyl)phenylboronic acid (63.2 mg,
0.416 mmol), and PdCL,(dppf) (7.60 mg, 10.39 umol) in
dioxane (2 mL) and aqueous saturated NaHCO, (0.4 mL) (13
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mg, 15%). "H NMR (400 MHz, DMSO-dy) 8 ppm 0.69 (t,
J=7.58 Hz,3 H),2.29 (d,J=7.58 Hz, 2 H), 2.57-2.76 (m, 3 H),
2.92-3.05 (m, 2 H), 3.25-3.37 (m, 2 H), 3.39-3.56 (m, 2 H),
4.02 (s, 2 H), 4.14-4.29 (m, 2 H), 4.42-4.54 (m, 1 H), 6.89-
6.99 (m, 2 H), 7.16-7.23 (m, 1 H), 7.44-7.53 (m, 1 H), 7.54- 5
7.61 (m, 1 H); ESI-MS m/z [M+H]* calc’d for C,;H,,NO;,
409.20; found 409.3.

Example 173
10

(R)-2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-yl)ethanol

15

o
HO/\/N XN =
| )\&NH
N

A TFA salt of the title compound was prepared in a manner
similar to Example 2 using (R)-2-(2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino|[3,4-h]pteridin-5(6H)-yl)ethanol
(PREPARATION x59, 79 mg, 0.292 mmol), 1H-indol-4-yl-
boronic acid (94 mg, 0.584 mmol), and PdCl,(dppf) (10.68
mg, 0.015 mmol) in dioxane (2 mL) and aqueous saturated
NaHCO, (0.4 mL) (27 mg, 26%). '"H NMR (400 MHz,
DMSO-dy) d ppm 2.29 (s, 3 H), 3.21-3.29 (m, 4 H), 3.54-3.63
(m, 4 H), 4.01-4.16 (m, 2 H), 4.64-4.87 (m, 1 H), 7.05-7.32
(m, 2 H), 7.48-7.59 (m, 1 H), 7.60-7.75 (m, 1 H), 7.77-8.06
(m, 1 H), 8.69-8.99 (m, 1 H), 11.40-11.56 (m, 1 H); ESI-MS
m/z [M+H]* cale’d for C,H,;N;O,, 352.18; found 352.3.

30

35

Example 174

(R)-2-(2-(1H-pyrrolo[2,3-c]pyridin-4-yl)-6a,7,9,10-
tetrahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-y1)-N-

((tetrahydro-2H-pyran-4-yl)methyl)acetamide 4

50

0 ﬁ'N
NJK/N Ny _
| H | /k(?NH
N AN
| P

A TFA salt of the title compound was prepared in a manner
similar to Example 2 using (R)-2-(2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino|[3,4-h]pteridin-5(6H)-y1)-N-((tetrahy-
dro-2H-pyran-4-yl)methyl)acetamide (PREPAR ATION x26,
50 mg, 0.131 mmol), 1-acetyl-1H-pyrrolo[2,3-c|pyridin-4-
ylboronic acid (53.4 mg, 0.262 mmol), PACL,(dppf) (4.79 mg,

164

6.55 umol) in dioxane (2 mL) and aqueous saturated NaHCOj,
(0.4 mL) (2 mg, 3%). '"H NMR (400 MHz, CD,CN) § ppm
1.08-1.27 (m, 6 H), 1.50-1.61 (m, 4 H), 1.62-1.75 (m, 1 H),
3.00-3.20 (m, 4 H), 3.21-3.39 (m, 2 H), 3.60-3.70 (m, 1 H),
3.70-3.90 (m, 2 H), 3.90-4.04 (m, 2 H), 4.04-4.14 (m, 1 H),
4.57-4.69 (m, 1 H), 6.78-6.92 (m, 1 H), 7.56-7.67 (m, 1 H),
7.70-7.79 (m, 1 H), 8.06-8.16 (m, 1 H), 8.94-9.05 (m, 1 H);
ESI-MS m/z [M+H]* calc’d for C, ,H,,N-O;, 464.24; found
464.3.

Example 175
(6aR)-2-(1H-indol-4-y1)-5-(1-(5-isobutyl-1,3,4-oxa-

diazol-2-yl)ethyl)-5,6,6a,7,9,10-hexahydro-[1,4]
oxazino[3,4-h]pteridine

H;C

H;C
N/
\

o) K\N
NA\/N Xy I
o | P NH
N

A TFA salt of'the title compound was prepared in a manner
similar to Example 2 using (6aR)-2-chloro-5-(1-(5-isobutyl-
1,3,4-oxadiazol-2-yl)ethyl)-5,6,6a,7,9,10-hexahydro-[1,4]
oxazino[3,4-h]pteridine (PREPARATION x85, 75 mg, 0.198
mmol), 1H-indol-4-ylboronic acid (63.7 mg, 0.396 mmol),
and PdCl,(dppf) (14.49 mg, 0.020 mmol) in dioxane (2 mL.)
and aqueous saturated NaHCO, (0.4 mL) (51 mg, 56%). 'H
NMR (400 MHz, DMSO-d,) d ppm 0.94 (ddd, J=6.57, 5.43,
2.40 Hz, 6 H), 1.64 (dd, J=17.94, 6.82 Hz, 3 H), 2.05 (d,
J=6.82 Hz, 1 H), 2.75 (t,]J=6.95 Hz, 2 H), 3.07-3.21 (m, 1 H),
3.27(d, J=9.60 Hz, 3 H), 3.65-3.72 (m, 1 H), 3.76-4.15 (m, 2
H), 4.69-4.82 (m, 1 H), 5.52-5.65 (m, 1 H), 7.01 (br s, 1 H),
7.28 (d, I=2.02 Hz, 1 H), 7.57 (t,J=2.78 Hz, 1 H), 7.63-7.72
(m, 2H),7.89(d, J=8.59 Hz, 1 H), 11.55 (br s, 1 H); ESI-MS
m/z [M+H]* cale’d for C,sH,oN-O,, 460.24; found 460.4.

Example 176
(3-46aR)-5-(1-(5-isobutyl-1,3,4-oxadiazol-2-yl)

ethyl)-5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h]
pteridin-2-yl)phenyl)methanol

H;C
o)
_/
HC H
/0 N
N
\ = N
N N
CH; |
N OH
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A TFA salt of the title compound was prepared in a manner
similar to Example 2 using (6aR)-2-chloro-5-(1-(5-isobutyl-
1,3,4-oxadiazol-2-yl)ethyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]
oxazino[3,4-h]pteridine (PREPARATION x85, 75 mg, 0.198
mmol), 3-(hydroxymethyl)phenylboronic acid (60.2 mg,
0.396 mmol), and PdCl,(dppf) (14.49 mg, 0.020 mmol) in
dioxane (2 mL) and aqueous saturated NaHCO; (0.4 mL) (37
mg, 42%). 'H NMR (400 MHz, DMSO-d,) 8 ppm 1.55-1.70
(m, 3 H), 1.96-2.11 (m, 1 H), 2.69-2.78 (m, 2 H), 3.03-3.14
(m, 1 H), 3.15-3.27 (m, 6 H), 3.30-3.49 (m, 5 H), 3.59-3.73
(m, 2 H), 3.87-4.12 (m, 2 H), 4.53-4.63 (m, 2 H), 4.72-4.85
(m, 1 H), 5.50-5.62 (m, 1H), 7.42-7.56 (m, 2 H), 7.84-7.91
(m, 1H), 8.01-8.10 (m, 1 H), 8.12-8.18 (m, 1 H); ESI-MS nv/z
[M+H]* calc’d for C,,H;NO;, 451.24; found 451.4.

Example 177

(3-((6aR)-5-(1-(5-ethyl-1,3,4-oxadiazol-2-yl)ethyl)-
5,6,6a,7,9,10-hexahydro-[ 1,4|oxazino[3,4-h|pteridin-
2-yl)phenyl)methanol

\/

A TFA salt of the title compound was prepared in a manner
similar to Example 2 using (6aR)-2-chloro-5-(1-(5-ethyl-1,3,
4-oxadiazol-2-yl)ethyl)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino|3,4-h|pteridine (PREPARATION x19, 55 mg, 0.157
mmol), 3-(hydroxymethyl)phenylboronic acid (47.6 mg,
0.314 mmol), and PdCl,(dppt) (11.47 mg, 0.016 mmol)) in
dioxane (2 mL) and aqueous saturated NaHCO; (0.4 mL) (13
mg, 20%). '"H NMR (400 MHz, DMSO-dy) 8 ppm 1.25 (d,
J=9.09 Hz, 3 H), 1.53-1.68 (m, 3 H), 2.71-2.80 (m, 1 H),
2.80-2.91 (m, 3 H), 3.10-3.27 (m, 4 H), 3.46-3.68 (m, 1 H),
3.92-4.09 (m, 2 H), 4.52-4.64 (m, 2 H), 4.72-4.85 (m, 1 H),
5.49-5.61 (m, 1 H), 7.41-7.55 (m, 2 H), 7.82-7.93 (m, 1 H),
8.01-8.11 (m, 1 H), 8.12-8.19 (m, 1 H); ESI-MS m/z [M+H]*
cale’d for C,,H,,NO5, 423.21; found 423.4.

Example 178
(6aR)-5-(1-(5-ethyl-1,3,4-oxadiazol-2-yl)ethyl)-2-

(1H-indol-4-y1)-5,6,6a,7,9,10-hexahydro-[ 1,4]ox-
azino[3,4-h]pteridine

CH;
/
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A TFA salt of'the title compound was prepared in a manner
similar to Example 2 using (6aR)-2-chloro-5-(1-(5-ethyl-1,3,
4-oxadiazol-2-yl)ethyl)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino[3,4-h]pteridine (PREPARATION x19, 55 mg, 0.157
mmol), 1H-indol-4-ylboronic acid (50.5 mg, 0.314 mmol),
and PdCl,(dpp?) (11.47 mg, 0.016 mmol) in dioxane (2 mL)
and aqueous saturated NaHCO, (0.4 mL) (17 mg, 25%). 'H
NMR (400 MHz, DMSO-d) & ppm 1.21-1.32 (m, 3 H),
1.57-1.70 (m, 3 H), 2.76-2.92 (m, 3 H), 3.05-3.23 (m, 1 H),
3.23-3.29 (m, 2 H), 3.51-3.63 (m, 1 H), 3.63-3.72 (m, 1 H),
3.76-3.97 (m, 1 H), 3.97-4.14 (m, 1 H), 4.69-4.82 (m, 1 H),
5.49-5.63 (m, 1 H), 6.97-7.07 (m, 1 H), 7.21-7.34 (m, 1 H),
7.51-7.61 (m, 1 H), 7.61-7.74 (m, 2 H), 7.83-7.94 (m, 1 H),
11.45-11.60 (m, 1 H); ESI-MS m/z [M+H]* calc’d for
C,3H,5N,0,, 432.21; found 432.4.

Example 179

(R)-(3-(5-((5-ethyl-1,3,4-oxadiazol-2-yl)methyl)-5,6,
6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h|pteridin-2-
y1)-4-fluorophenyl)methanol

L

XN

CH;

AL

A TFA salt of'the title compound was prepared in a manner
similar to Example 2 using (R)-2-chloro-5-((5-ethyl-1,3,4-
oxadiazol-2-yl)methyl)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino[3,4-h]pteridine (PREPARATION x19, 75 mg, 0.223
mmol), 2-fluoro-5-(hydroxymethyl)phenylboronic acid (76
mg, 0.445 mmol) and PdCl,(dppf) (8.15 mg, 0.011 mmol) in
dioxane (2 mL) and aqueous saturated NaHCO; (0.4 mL) (45
mg, 47%). "H NMR (400 MHz, DMSO-d,) & ppm 1.26 (t,
J=7.58 Hz,3 H), 2.85 (q,J=7.58 Hz, 2 H),3.11-3.33 (m, 3 H),
3.55 (dd, I=11.62, 3.79 Hz, 2 H), 3.88 (d, ]=4.29 Hz, 2 H),
3.94-4.07 (m, 2 H), 4.54 (s, 2 H), 4.59-4.71 (m, 1 H), 4.77 (d,
J=17.18 Hz, 1 H), 5.03 (d, J=16.93 Hz, 1 H), 7.35 (m, 1 H),
7.48-7.60 (m, 1 H), 7.78-7.88 (m, 2 H); ESI-MS m/z [M+H]*
calc’d for C,;H,;FNO;, 427.19; found 427.3.

Example 180
(R)-5-((5-ethyl-1,3,4-oxadiazol-2-yl)methyl)-2-(1H-

pyrrolo[3,2-c]pyridin-1-y1)-5,6,6a,7,9,10-hexahydro-
[1,4]oxazino[3,4-h]pteridine

CH;
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To an oven dried vial were added (R )-2-chloro-5-((5-ethyl-
1,3,4-oxadiazol-2-y)methyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]
oxazino[3,4-h]pteridine (PREPARATION x19, 45 mg, 0.134
mmol), 1-tosyl-1H-pyrrolo[3,2-c]pyridine 5-oxide (116 mg,
0.401 mmol), cesium carbonate (87 mg, 0.267 mmol), pivalic
acid (4.09 mg, 0.040 mmol), dicyclohexyl(2',4',6'-triisopro-
pylbiphenyl-2-yl)phosphine (9.55 mg, 0.020 mmol) and pal-
ladium(II) acetate (1.5 mg, 6.68 umol) in dioxane (1 mL). The
resulting tan suspension was degassed for 5 minutes with N,
then sealed and heated to 110° C. and stirred for 48 hours. The
mixture was subsequently diluted with EtOAc and washed
with aqueous saturated NH,Cl (3x5 mL). The combined
organic layers were dried over MgSQ,, filtered, and concen-
trated in vacuo. The product was purified by LC/MS using a
15-40% CH;CN gradient in H,O (with 0.035% TFA). The
pure fractions were combined and lyophilized to afforda TFA
salt of the title compound as a yellow solid (6 mg, 11%). ‘H
NMR (400 MHz, DMSO-d) 8 ppm 1.25 (t, J=7.45 Hz, 3 H),
2.86 (q,J=7.58 Hz, 2 H), 3.11-3.31 (m, 3 H), 3.45-3.65 (m, 2
H), 3.73-3.84 (m, 1 H), 3.94-4.10 (m, 2 H), 4.55 (d, J=11.62
Hz, 1H),4.67-5.08 (m, 2 H), 7.22 (dd, J=3.66, 0.63 Hz, 1 H),
7.83 (s, 1 H), 8.59 (d, J=6.82 Hz, 1 H), 8.65 (d, J=3.79 Hz, 1
H), 8.94 (d, J=6.82 Hz, 1 H), 9.35 (s, 1 H); ESI-MS nv/z
[M+H]* cale’d for C,;H,,NO,, 419.19; found 419.3.

Example 181

2-(1H-indol-4-yl)-5-phenyl-5,6,6a,7,9,10-hexahydro-
[1,4]oxazino[3,4-h]pteridine

O

]

To an oven dried vial were added 2-(1-(tert-butylmethyllsi-
Iy1)-1H-indol-4-y1)-5,6,6a,7,9,10-hexahydro-[1,4]Joxazino
[3,4-h]pteridine (PREPARATION x12, 75 mg, 0.137 mmol),
cesium carbonate (90 mg, 0.275 mmol), palladium(II) acetate
(1.543 mg, 6.87 umol), dicyclohexyl(2',4',6'-triisopropylbi-
phenyl-2-yl)phosphine (9.83 mg, 0.021 mmol) and bro-
mobenzene (0.043 mL., 0.412 mmol) in dioxane (5 mL). The
resulting brown suspension was purged with N, for 5 min-
utes, then heated to 110° C., and stirred overnight. The reac-
tion mixture was subsequently diluted with EtOAc and
washed with aqueous saturated NH,CI (3x5 mL). The com-
bined organic layers were dried over MgSQ,, filtered, and
concentrated in vacuo. The product was purified by LC/MS
using a 25-50% CH;CN gradient in H,O (with 0.035% TFA).
The pure fractions were combined and lyophilized to afford a
TFA salt of the title compound as a yellow solid (8 mg, 15%).
'"H NMR (400 MHz, DMSO-d,) 8 ppm 3.40-3.50 (m, 1 H),
3.50-3.63 (m, 1 H), 3.66-3.82 (m, 2 H), 3.92-3.99 (m, 1 H),
3.99-4.11 (m, 1 H), 4.60-4.78 (m, 1 H), 7.03-7.23 (m, 3 H),
7.23-7.33 (m, 3 H), 7.34-7.64 (m, 4 H), 7.71-7.87 (m, 1 H),
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11.17-11.36 (m, 1 H); ESI-MS m/z [M+H]" calc’d for
C,3H,,N.O, 384.18; found 384.3.

Example 182

(R)-2-(1H-indol-4-y1)-5-((1-methyl-1H-pyrazol-4-yl)
methyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]
pteridine

o
N R
<j\/ (\N
N
-

H;C = N\f\
Z

N

N —
/k& NH

A TFA salt of'the title compound was prepared in a manner
similar to Example 2 using (R)-2-chloro-5-((1-methyl-1H-
pyrazol-4-yl)methyl)-5,6,6a,7,9,10-hexahydro-| 1,4]oxazino
[3,4-h]pteridine (PREPARATION x60, 113 mg, 0.705
mmol), 1H-indol-4-ylboronic acid (113 mg, 0.705 mmol),
and PdCL,(dppf) (25.8 mg, 0.035 mmol) in dioxane (4 m[.)
and aqueous saturated NaHCO, (0.8 mL) (95 mg, 67%). 'H
NMR (400 MHz, DMSO-d,) 8 ppm 2.98-3.09 (m, 1 H), 3.28
(m, 2 H), 3.45 (d, J=4.04 Hz, 2 H), 3.57 (d, J=2.53 Hz, 2 H),
3.80 (s, 3 H), 3.89-4.05 (m, 1 H), 4.05-4.13 (m, 1 H), 4.31-
4.54 (m, 2 H), 4.67-4.76 (m, 1 H), 6.99 (br s, 1 H), 7.23-7.33
(m, 1 H), 7.48 (d, J=0.51 Hz, 1 H), 7.57 (1, J=2.78 Hz, 1 H),
7.60-7.71 (m, 3 H), 7.76 (s, 1 H), 11.48-11.61 (m, 1 H),
ESI-MS m/z [M+H]" calc’d for C,,H,;N,0, 402.20; found
402.3.

Example 183

(R)-5-(3-ethylphenyl)-2-(1H-indol-4-y1)-5,6,6a,7,9,
10-hexahydro-[1,4]oxazino[3,4-h]pteridine

NH

A TFA salt of'the title compound was prepared in a manner
similar to EXAMPLE 181 using (R)-2-(1-(tert-butyldimeth-
ylsilyl)-1H-indol-4-y1)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino[3,4-h]pteridine (PREPARATION x12, 100 mg, 0.237
mmol), cesium carbonate (155 mg, 0.474 mmol), palladium
(II) acetate (2.66 mg, 0.012 mmol), dicyclohexyl(2',4',6'-tri-
isopropylbiphenyl-2-yl)phosphine (113 mg, 0.237 mmol),
and 1-bromo-3-ethylbenzene (132 mg, 0.712 mmol) in diox-
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ane (2 mL) (10 mg, 10.3%). "H NMR (400 MHz, DMSO-d)
d ppm 1.22 (m, 3 H), 2.60-2.70 (m, 2 H), 3.52-3.70 (m, 4 H),
3.79-3.88 (m, 1 H), 3.95-4.09 (m, 2 H), 4.09-4.19 (m, 1 H),
4.76-4.86 (m, 1 H), 7.05-7.10 (m, 1 H), 7.11-7.17 (m, 1 H),
7.19-7.31 (m, 3 H), 7.35-7.45 (m, 2 H), 7.56-7.60 (m, 1 H),
7.63-7.71 (m, 2 H), 11.45-11.62 (m, 1 H); ESI-MS nv/z
[M+H]* cale’d for C,sH, NS5O, 412.21; found 412.3.

Example 184

(R)-5-(2-ethylphenyl)-2-(1H-indol-4-y1)-5,6,6a,7,9,
10-hexahydro-[1,4]oxazino[3,4-h]pteridine

O
=/
H;C
&
N | XN i
= NH
N

A TFA salt of the title compound was prepared in a manner
similar to EXAMPLE 181 using (R)-2-(1-(tert-butyldimeth-
ylsilyl)-1H-indol-4-y1)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino|3,4-h|pteridine (PREPARATION x12, 90 mg, 0.213
mmol), cesium carbonate (139 mg, 0.427 mmol), palladium
(II) acetate (2.66 mg, 0.012 mmol), dicyclohexyl(2'.4",6'-tri-
isopropylbiphenyl-2-yl)phosphine (113 mg, 0.237 mmol),
and 1-bromo-2-ethylbenzene (0.087 mL, 0.640 mmol) in
dioxane (2 mL) (15 mg, 17%). "H NMR (400 MHz, DMSO-
dg) 8 ppm 1.09-1.22 (m, 3 H), 2.52-2.65 (m, 2 H), 3.50-3.59
(m, 3 H), 3.59-3.72 (m, 2 H), 4.00-4.22 (m, 3 H), 4.69-4.88
(m, 1 H), 6.52-6.70 (m, 1 H), 7.01-7.12 (m, 1 H), 7.21-7.31
(m, 1 H), 7.36-7.54 (m, 4 H), 7.54-7.60 (m, 1 H), 7.60-7.71
(m, 2 H), 11.43-11.62 (m, 1 H); ESI-MS m/z [M+H]" calc’d
for C,sH,N,O, 412.21; found 412.3.

Example 185

(R)-2-(1H-indol-4-yl1)-5-(oxazol-5-ylmethyl)-5,6,6a,
7,9,10-hexahydro-[1,4]oxazino[3,4-h|pteridine

/O

N —
ﬁNH

A TFA salt of the title compound was prepared in a manner
similar to Example 2 using (R)-2-chloro-5-(oxazol-5-ylm-
ethyl)-5,6,6a,7,9,10-hexahydro-| 1,4]oxazino| 3,4-h|pteri-
dine (PREPARATION x61, 171 mg, 0.556 mmol), 1H-indol-
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4-ylboronic acid (179 mg, 1.111 mmol), and PdCl,(dppt)
(40.7 mg, 0.056 mmol) in dioxane (5 mL) and aqueous satu-
rated NaHCO; (1 mL) (121 mg, 56%). 'H NMR (400 MHz,
DMSO-dy) 8 ppm 3.03-3.16 (m, 1 H), 3.22-3.41 (m, 2 H),
3.45-3.64 (m, 2 H), 3.89-4.18 (m, 3 H), 4.55-4.93 (m, 3 H),
6.93-7.07 (m, 1 H), 7.22-7.36 (m, 2 H), 7.54-7.71 (m, 3 H),
7.80(s,1H),8.41(s,1 H),11.46-11.64 (m, 1 H); ESI-MS m/z
[M+H]* calc’d for C,;H,,NO,, 389.17; found 389.3.

Example 186

(R)-2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-yl)benzonitrile

NH

A TFA salt of'the title compound was prepared in a manner
similar to EXAMPLE 181 using (R)-2-(1-(tert-butyldimeth-
ylsilyl)-1H-indol-4-y1)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino[3,4-h]pteridine (PREPARATION x12, 90 mg, 0.213
mmol), cesium carbonate (139 mg, 0.427 mmol), palladium
(II) acetate (2.66 mg, 0.012 mmol), dicyclohexyl(2',4',6'-tri-
isopropylbiphenyl-2-yl)phosphine (113 mg, 0.237 mmol),
and 2-bromobenzonitrile (117 mg, 0.640 mmol) in dioxane (2
mL) (34 mg, 39%). '"H NMR (400 MHz, DMSO-d,) 8 ppm
3.32-3.42 (m, 2 H), 3.61 (dd, J=11.24, 2.91 Hz, 2 H), 3.82-
3.91 (m, 1 H), 3.91-4.01 (m, 1 H), 4.01-4.18 (m, 2 H), 4.75-
4.85(m, 1 H),7.06-7.16 (m, 1 H), 7.20-7.31 (m, 1 H), 7.41 (s,
1H),7.47-7.58 (m, 2 H), 7.59-7.72 (m, 2 H), 7.72-7.81 (m, 1
H), 7.81-7.90 (m, 1 H), 7.94-8.03 (m, 1 H), 11.41-11.59 (m, 1
H); ESI-MS m/z [M+H]" calc’d for C,,H,,NO, 409.18;
found 409.3.

Example 187

(R)-2-(1H-indol-4-y1)-5-(o-tolyl)-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridine

NH

A TFA salt of'the title compound was prepared in a manner
similar to EXAMPLE 181 using (R)-2-(1-(tert-butyldimeth-
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ylsilyl)-1H-indol-4-y1)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino|3,4-h|pteridine (PREPARATION x12, 90 mg, 0.213
mmol), cesium carbonate (139 mg, 0.427 mmol), palladium
(II) acetate (2.66 mg, 0.012 mmol), dicyclohexyl(2'.4",6'-tri-
isopropylbiphenyl-2-yl)phosphine (113 mg, 0.237 mmol),
and 1-iodo-2-methylbenzene (140 mg, 0.640 mmol) in diox-
ane (2 mL) (19 mg, 22%). 'H NMR (400 MHz, DMSO-d) 8
ppm 2.23 (s, 3 H), 3.55-3.72 (m, 5 H), 4.00-4.22 (m, 3 H),
4.71-4.85 (m, 1 H), 6.57-6.72 (m, 1 H), 7.04-7.11 (m, 1 H),
7.21-7.31 (m, 1 H), 7.32-7.49 (m, 4 H), 7.53-7.60 (m, 1 H),
7.61-7.70 (m, 2 H), 11.46-11.59 (m, 1 H); ESI-MS nv/z
[M+H]* calc’d for C,,H,;N0O, 398.20; found 398.3.

Example 188

(R)-5-((3-ethylisoxazol-5-yl)methyl)-2-(1H-indol-4-
y1)-5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h]pte-

ridine
CH _/Oj
N
N/ \ N(\
o | Xy -
_ NH
N

A TFA salt of the title compound was prepared in a manner
similar to Example 2 using (R)-2-chloro-5-((3-ethylisoxazol-
5-yDmethyl)-5,6,6a,7,9,10-hexahydro-[1,4]oxazino|3,4-h]
pteridine (PREPARATION x62, 75 mg, 0.223 mmol), 1H-in-
dol-4-ylboronic acid (71.9 mg, 0.447 mmol), and PdCl,
(dpp?) (8.17 mg, 0.011 mmol) in dioxane (2 mL.) and aqueous
saturated NaHCO, (0.4 mL) (18 mg, 19%). '"H NMR (400
MHz, DMSO-d,) 8 ppm 1.05-1.28 (m, 3 H), 2.55-2.71 (m, 2
H), 3.05-3.23 (m, 2 H), 3.47-3.67 (m, 4 H), 3.84-4.17 (m, 3
H), 4.59-4.99 (m, 3 H), 6.43-6.56 (m, 1 H), 6.96-7.15 (m, 1
H),7.18-7.37 (m, 1 H), 7.47-7.87 (m,3H), 11.36-11.62 (m, 1
H); ESI-MS m/z [M+H]* cale’d for C,;H,,NO,, 417.20;
found 417 4.

Example 189

(R)-4-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-yl)cyclohexanol
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The title compound was prepared in a manner similar to
Example 2 using (R)-4-(2-chloro-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-yl)cyclohexanol (PREPARA-
TION x63, 30 mg, 0.092 mmol), 1H-indol-4-ylboronic acid
(71.9 mg, 0.447 mmol) and PdCl,(dpp) (8.17 mg, 0.011
mmol) in dioxane (2 mL) and aqueous saturated NaHCO,
(0.4 mL) (2 mg, 5%). "H NMR (400 MHz, DMSO-d) 8 ppm
1.32-1.85 (m, 6 H), 2.78-2.93 (m, 1 H), 2.96-3.11 (m, 1 H),
3.50-3.75 (m, 6 H), 3.81-3.90 (m, 2 H), 3.94-4.10 (m, 1 H),
4.36-4.45 (m, 1 H), 4.49-4.60 (m, 1 H), 6.51-6.62 (m, 1 H),
7.02-7.19 (m, 1 H), 7.27-7.45 (m, 3 H), 7.80-7.98 (m, 2 H),
11.04-11.16 (m, 1 H); ESI-MS m/z [M+H]* calc’d for
C,3H,,N,O,, 406.22; found 406.4.

Example 190

(R)-ethyl 3-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-
[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)benzoate

O

CH; -

NN

A TFA salt of'the title compound was prepared in a manner
similar to EXAMPLE 181 using (R)-2-(1-(tert-butyldimeth-
ylsilyl)-1H-indol-4-y1)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino[3,4-h]pteridine (PREPARATION x12, 32.6 mg, 0.142
mmol), cesium carbonate (93 mg, 0.285 mmol), palladium
(II) acetate (1.59 mg, 0.007 mmol), dicyclohexyl(2',4',6'-tri-
isopropylbiphenyl-2-yl)phosphine (10.2 mg, 0.021 mmol),
and ethyl 3-bromobenzoate (32.6 mg, 0.142 mmol) in diox-
ane (2 mL) (8 mg, 12%). 'H NMR (400 MHz, DMSO-d,) 8
ppm 1.23-1.40 (m, 3 H), 3.52-3.72 (m, 5 H), 3.79-3.98 (m, 2
H), 3.98-4.19 (m, 2 H), 4.22-4.44 (m, 1 H), 4.71-4.87 (m, 1
H), 7.08-7.20 (m, 1 H), 7.20-7.32 (m, 1 H), 7.48-7.72 (m, 5
H), 7.72-7.85 (m, 2 H), 7.84-7.94 (m, 1 H), 11.34-11.57 (m, 1
H); ESI-MS m/z [M+H]* cale’d for C,4H,sNsO;, 456.20;
found 456.4.

Example 191

(R)-2-(1H-indol-4-y1)-5-(3-(methylsulfonyl)phenyl)-
5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h|pteri-
dine

Vi (\N
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S N
A
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A TFA salt of the title compound was prepared in a manner
similar to EXAMPLE 181 using (R)-2-(1-(tert-butyldimeth-
ylsilyl)-1H-indol-4-y1)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino|3,4-h|pteridine (PREPARATION x12, 100 mg, 0.427
mmol), cesium carbonate (93 mg, 0.285 mmol), palladium
(II) acetate (1.59 mg, 0.007 mmol), dicyclohexyl(2'.4",6'-tri-
isopropylbiphenyl-2-yl)phosphine (10.2 mg, 0.021 mmol),
and 1-bromo-3-(methylsulfonyl)benzene (100 mg, 0.427
mmol) in dioxane (2 mL) (8 mg, 12%). '"H NMR (400 MHz,
DMSO-d,) d ppm 3.25 (s, 3H), 3.51-3.71 (m, 5 H), 3.81-4.07
(m, 4 H), 4.07-4.20 (m, 1 H), 4.69-4.87 (m, 1 H), 7.09-7.34
(m, 2H),7.47-7.77 (m, 5 H), 7.77-7.98 (m, 3 H), 11.32-11.57
(m, 1 H); ESI-MS m/z [M+H]"* calc’d for C,,H,;N;0;8S,
462.16; found 462 .3.

Example 192

(R)-2-(1H-indol-4-y1)-5-(tetrahydro-2H-pyran-4-yl)-
5,6,6a,7,9,10-hexahydro-[ 1,4|oxazino[3,4-h]pteri-
dine

/O

Ao

A TFA salt of the title compound was prepared in a manner
similar to Example 2 using (R)-2-chloro-5-(tetrahydro-2H-
pyran-4-y1)-5,6,6a,7,9,10-hexahydro-| 1,4]oxazino[3,4-h]
pteridine (PREPARATION x64, 10 mg, 0.032 mmol), 1H-in-
dol-4-ylboronic acid (10.4 mg, 0.064 mmol) and PdCl,(dppf)
(1.17 mg, 0.002 mmol) in dioxane 1 mL and aqueous satu-
rated NaHCO, 0.2 mL (2 mg, 16%). "H NMR (400 MHz,
CD,CN) § ppm 1.58-1.83 (m, 5 H), 2.84-2.94 (m, 1 H),
3.25-3.37 (m, 2 H), 3.46-3.57 (m, 3 H), 3.57-3.68 (m, 1 H),
3.71-3.90 (m, 2 H), 3.96-4.12 (m, 4 H), 4.77-4.91 (m, 1 H),
7.04-7.12 (m, 1 H), 7.25-7.34 (m, 1 H), 7.42-7.50 (m, 1 H),
7.64-7.76 (m, 3 H), 9.68-9.85 (m, 1 H); ESI-MS m/z [M+H]*
cale’d for C,,H,5N0O5, 392.21; found 392.3.

Example 193

(R)-2,5-di(1H-indol-4-y1)-5,6,6a,7,9,10-hexahydro-
[1,4]oxazino[3,4-h]pteridine

e}
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(R)-tert-Butyl 4-(2-(1H-indol-4-yl1)-6a,7,9,10-tetrahydro-
[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)-1H-indole-1-car-
boxylate (PREPARATION x65, 9 mg, 0.017 mmol) was dis-
solved in CH,Cl, (1 mL) and trifluoroacetic acid (1 mL) and
5 the mixture was stirred at room temperature for 30 minutes.
The material was then concentrated in vacuo and the product
was purified by LC/MS using a 20-45% CH,CN gradient in
H,O (with 0.035% TFA). The pure fractions were combined
and lyophilized to afford a TFA salt of the title compound as
ayellow solid (2 mg, 28%). "H NMR (400 MHz, CD,CN) §
ppm 3.36-3.61 (m, 3 H), 3.68-3.87 (m, 2 H), 3.97-4.07 (m, 1
H), 4.07-4.20 (m, 2 H), 4.91-5.00 (m, 1 H), 6.28-6.38 (m, 1
H), 6.98-7.09 (m, 2 H), 7.12-7.17 (m, 1 H), 7.22-7.35 (m, 3
H), 7.44-7.51 (m, 2 H), 7.65-7.75 (m, 2 H), 9.57-9.67 (m, 1
H), 9.67-9.81 (m, 1 H); ESI-MS m/z [M+H]" calc’d for
C,sH,,NO, 423.19; found 423.3.

Example 194

10

15

(R)-5-(2-(1,3-dioxolan-2-yl)ethyl)-2-(1H-indol-4-
y1)-5,6,6a,7,9,10-hexahydro-[1,4]oxazino[3,4-h|pte-

20 ridine

—

NH

A TFA salt of'the title compound was prepared in a manner
similar to Example 2 using (R)-5-(2-(1,3-dioxolan-2-yl)
ethyl)-2-chloro-5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino| 3,4-
hipteridine (PREPARATION x66, 25 mg, 0.077 mmol),
1H-indol-4-ylboronic acid (25 mg, 0.153 mmol), and PdCl,
(dpp?) (2.80 mg, 0.004 mmol) in dioxane (1 mL.) and aqueous
saturated NaHCO, (0.2 mL) (5 mg, 16%). "H NMR (400
MHz, CD,CN) 8 ppm 3.06-3.15 (m, 1 H), 3.26-3.49 (m, 7 H),
3.57-3.68 (m, 1 H), 3.81-3.93 (m, 3 H), 3.94-4.12 (m, 4 H),
4.79-4.88 (m, 1 H), 4.91-4.97 (m, 1 H), 7.04-7.12 (m, 1 H),
7.26-7.36 (m, 1 H), 7.43-7.50 (m, 1 H), 7.50-7.56 (m, 1 H),
7.64-7.74 (m, 2 H), 9.68-9.83 (m, 1 H); ESI-MS m/z [M+H]*
calc’d for C,,H,5NO5, 408.20; found 408.3.

Example 195
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(R)-methyl 4-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahy-
dro-[1,4]oxazino|3,4-h]pteridin-5(6H)-yl)butanoate
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A TFA salt of the title compound was prepared in a manner
similar to Example 2 using (R)-methyl 4-(2-chloro-6a,7,9,
10-tetrahydro-[1,4]oxazino|3,4-h]pteridin-5(6 H)-yl)bu-
tanoate (PREPARATION x67, 90 mg, 0.275 mmol), 1H-in-
dol-4-ylboronic acid (89 mg, 0.551 mmol), and PdCL,(dppt)
(10.1 mg, 0.014 mmol) in dioxane (3 mL) and aqueous satu-
rated NaHCO; (0.6 mL) (28 mg, 25%). "H NMR (400 MHz,
DMSO-dy) d ppm 1.75-1.93 (m, 2 H), 2.42 (m, 2 H), 2.94-
3.11(m, 2H),3.14-3.31 (m, 4 H), 3.60 (m, 5 H), 3.88-3.97 (m,
1 H), 4.02-4.10 (m, 1 H), 4.48-4.57 (m, 1 H), 7.11 (m, 1 H),
7.37 (m, 3 H), 7.84 (s, 1 H), 7.90-7.98 (m, 1 H), 11.04-11.16
(m, 1 H); ESI-MS m/z [M+H]* calc’d for C,,H,;N.O;,
408.20; found 408.3.

Example 196

(R)-4-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h|pteridin-5(6H)-yl)butanoic acid

0 (\N
N
)\6}]}[
N

(R)-Methyl 4-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,
4loxazino[3,4-h]pteridin-5(6H)-yl)butanoate (EXAMPLE
195, 17 mg, 0.042 mmol) was dissolved in THF (1 mL).
Sodium hydroxide (1M, 0.083 mL, 0.083 mmol) was added to
give a green solution, which was stirred at ambient tempera-
ture for 4 hours. The reaction mixture was acidified to about
pH 1 with 1M HCI. The material was then concentrated in
vacuo. The product was purified by LC/MS using a 25-40%
CH,CN gradient in H,O (with 0.035% TFA). The pure frac-
tions were combined and lyophilized to afford a TFA salt of
the title compound as a yellow solid (10 mg, 61%). '"H NMR
(400 MHz, DMSO-dy) d ppm 1.70-1.89 (m, 2 H), 2.29-2.40
(m, 2 H), 3.05-3.17 (m, 1 H), 3.22-3.29 (m, 3 H), 3.42-3.48
(m, 3 H), 3.52-3.66 (m, 1 H), 3.81-3.94 (m, 1 H), 3.97-4.14
(m, 2 H), 4.64-4.75 (m, 1 H), 6.96-7.07 (m, 1 H), 7.22-7.33
(m, 1H),7.51-7.60 (m, 1 H), 7.60-7.72 (m, 3 H), 11.42-11.59
(m, 1 H); ESI-MS m/z [M+H]* cale’d for C,;H,;3N.O;,
394.19; found 394 4.

Example 197
(1R,4r)-4-(((R)-2-(1H-indol-4-y1)-6a,7,9,10-tetrahy-

dro-[1,4]oxazino|3,4-h]pteridin-5(6H)-yl)methyl)
cyclohexanamine

/O
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To a round bottom flask was added benzyl ((1R,4r)-4-
(((R)-2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-| 1 ,4]oxazino
[3,4-h]pteridin-5(6H)-yl)methyl)cyclohexyl)carbamate
(PREPARATION x69, 30 mg, 0.054 mmol) in ethanol (0.5
ml) and ethyl acetate (0.5 mL). Palladium on barium sulfate
(0.922 mg, 2.71 umol) was then added. The flask was evacu-
ated and hydrogen gas was introduced via a balloon. The
reaction mixture was stirred for 2 hours at ambient tempera-
ture under a hydrogen atmosphere. The reaction mixture was
subsequently diluted with EtOAc and Pd was filtered over a
pad of Celite®. The product was then concentrated in vacuo
and was purified by LC/MS using a 20-35% CH;CN gradient
in H,O (with 0.035% TFA). The pure fractions were com-
bined and lyophilized to afford the title compound as a yellow
solid (12 mg, 53%). "H NMR (400 MHz, CD,CN) & ppm
1.00-1.18 (m, 2 H), 1.32-1.51 (m, 2 H), 1.68-1.82 (m, 2 H),
1.82-1.91 (m, 2 H), 2.02-2.10 (m, 2 H), 2.94-3.17 (m, 4 H),
3.22-3.42 (m, 3 H), 3.57-3.69 (m, 1 H), 3.78-3.91 (m, 1 H),
3.93-4.13 (m, 2 H), 4.73-4.84 (m, 1 H), 7.05-7.12 (m, 1 H),
7.24-731 (m, 1 H), 7.43-7.49 (m, 2 H), 7.54 (s, 1 H), 7.64-
7.73 (m, 2 H), 9.78-9.90 (m, 1 H); ESI-MS nv/z [M+H]*
cale’d for C,,H;NO, 419.25; found 419.5.

Example 198

(R)-ethyl 5-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-
[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)nicotinate
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A TFA salt of'the title compound was prepared in a manner
similar to EXAMPLE 181 using (R)-2-(1-(tert-butyldimeth-
ylsilyl)-1H-indol-4-y1)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino[3,4-h]pteridine (PREPARATION x12, 75 mg, 0.178
mmol), cesium carbonate (116 mg, 0.356 mmol), palladium
(II) acetate (1.997 mg, 0.027 mmol), dicyclohexyl(2',4',6'-
triisopropylbiphenyl-2-yl)phosphine (12.72 mg, 0.027
mmol), and ethyl 5-bromonicotinate (123 mg, 0.534 mmol) in
dioxane (2 mL) (25 mg, 31%). 'H NMR (400 MHz, DMSO-
dy) 8 ppm 1.34 (1, 3 H), 3.55-3.69 (m, 4 H), 3.89-4.07 (m, 3
H), 4.08-4.18 (m, 1 H), 4.30-4.45 (m, 2 H), 4.74-4.88 (m, 1
H), 7.06-7.17 (m, 1 H), 7.22-7.32 (m, 1 H), 7.51-7.61 (m, 1
H), 7.61-7.70 (m, 1 H), 7.70-7.87 (m, 2 H), 8.14-8.24 (m, 1
H), 8.80-8.95 (m, 2 H), 11.41-11.58 (m, 1 H); ESI-MS m/z
[M+H]* cale’d for C,sH,,N O, 457.20; found 457.4.
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Example 199

(R)-methyl 5-(2-(1H-indol-4-yl1)-6a,7,9,10-tetrahy-
dro-[1,4]oxazino|3,4-h]pteridin-5(6H)-yD)nicotinate
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A TFA salt of the title compound was prepared in a manner
similar to EXAMPLE 181 using (R)-2-(1-(tert-butyldimeth-
ylsilyl)-1H-indol-4-y1)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino|3,4-h|pteridine (PREPARATION x12, 75 mg, 0.178
mmol), cesium carbonate (116 mg, 0.356 mmol), palladium
(II) acetate (1.997 mg, 0.009 mmol), dicyclohexyl(2',4',6'-
triisopropylbiphenyl-2-yl)phosphine (12.72 mg, 0.027
mmol), and methyl 4-bromopicolinate (115 mg, 0.534 mmol)
in dioxane (2 mL) (6 mg, 7.6%). '"H NMR (400 MHz,
CD,CN) § ppm 3.03-3.12 (m, 1 H), 3.27-3.40 (m, 2 H),
3.42-3.53 (m, 1 H), 3.60-3.72 (m, 1 H), 3.78-3.94 (m, 1 H),
3.94-3.98 (m, 3 H), 3.98-4.13 (m, 3 H), 4.74-4.86 (m, 1H),
7.39-7.43 (m, 1 H), 7.44-7.50 (m, 1 H), 7.60-7.64 (m, 1 H),
7.76-7.85 (m, 3 H), 7.94-8.01 (m, 1 H), 8.27-8.32 (m, 1 H),
8.82-8.87 (m, 1 H); ESI-MS m/z [M+H]" calc’d for
C,,H,,NO;, 443.18; found 443 3.

Example 200

(R)-methyl 2-(2-(1H-indol-4-yl1)-6a,7,9,10-tetrahy-
dro-[1,4]oxazino|3,4-h]pteridin-5(6H)-yl)isonicoti-
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A TFA salt of the title compound was prepared in a manner
similar to EXAMPLE 181 using (R)-2-(1-(tert-butyldimeth-
ylsilyl)-1H-indol-4-y1)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino|3,4-h|pteridine (PREPARATION x12, 75 mg, 0.178
mmol), cesium carbonate (116 mg, 0.356 mmol), palladium
(II) acetate (1.997 mg, 0.009 mmol), dicyclohexyl(2',4',6'-
triisopropylbiphenyl-2-yl)phosphine (12.72 mg, 0.027
mmol), and methyl 2-bromoisonicotinate (115 mg, 0.534
mmol) in dioxane (2 mL) (4.6 mg, 5.8%). 'H NMR (400
MHz, CD,CN) 8 ppm 3.24-3.51 (m, 4 H), 3.59-3.78 (m, 1 H),
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3.90 (s, 3 H), 4.00-4.15 (m, 2 H), 4.40-4.52 (m, 1 H), 4.87-
4.99 (m, 1 H), 7.18-7.27 (m, 1 H), 7.27-7.36 (m, 1 H), 7.40-
7.53 (m, 2 H), 7.65-7.76 (m, 2 H), 7.84-7.96 (m, 1 H), 8.43-
8.53 (m, 1 H), 8.60-8.70 (m, 1 H), 9.62-9.76 (m, 1 H); ESI-
MS mv/z [M+H]* cale’d for C,,H,,N,O;, 443.18; found
4433,

Example 201

(R)-2-(1H-indol-4-y1)-5-(5-methoxypyridin-3-y1)-5,
6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]pteridine
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A TFA salt of'the title compound was prepared in a manner
similar to EXAMPLE 181 using (R)-2-(1-(tert-butyldimeth-
ylsilyl)-1H-indol-4-y1)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino[3,4-h]pteridine (PREPARATION x12, 75 mg, 0.178
mmol), cesium carbonate (116 mg, 0.356 mmol), palladium
(II) acetate (1.997 mg, 0.009 mmol), dicyclohexyl(2',4',6'-
triisopropylbiphenyl-2-yl)phosphine (12.72 mg, 0.027
mmol), and 3-bromo-5-methoxypyridine (100 mg, 0.534
mmol) in dioxane (2 mL) (24 mg, 33%). '"H NMR (400 MHz,
DMSO-d,) d ppm 3.53-3.68 (m, 4 H), 3.87 (s, 3 H), 3.90-4.08
(m, 3 H), 4.09-4.19 (m, 1 H), 4.79-4.87 (m, 1 H), 7.04-7.12
(m, 1 H), 7.23-7.33 (m, 1 H), 7.44-7.52 (m, 1 H), 7.54-7.62
(m, 1 H), 7.63-7.76 (m, 3 H), 8.14-8.23 (m, 1 H), 8.25-8.33
(m, 1 H), 11.48-11.61 (m, 1 H); ESI-MS m/z [M+H]* calc’d
for C,3H,,N0,, 415.19; found 415.3.

Example 202

(R)-methyl 5-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahy-
dro-[1,4]oxazino|[3,4-h]pteridin-5(6H)-yl)-2-methox-

ynicotinate
O
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A TFA salt of'the title compound was prepared in a manner
similar to EXAMPLE 181 using (R)-2-(1-(tert-butyldimeth-
ylsilyl)-1H-indol-4-y1)-5,6,6a,7,9,10-hexahydro-[1,4]ox-
azino[3,4-h]pteridine (PREPARATION x12, 75 mg, 0.178
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mmol), cesium carbonate (116 mg, 0.356 mmol), palladium
(II) acetate (1.997 mg, 0.009 mmol), dicyclohexyl(2',4',6'-
triisopropylbiphenyl-2-yl)phosphine (12.72 mg, 0.027
mmol), and methyl 5-bromo-2-methoxynicotinate (131 mg,
0.534 mmol) in dioxane (2 mL) (36 mg, 43%). '"H NMR (400
MHz, DMSO-d,) d ppm 3.54-3.69 (m, 4 H), 3.72-3.80 (m, 1
H),3.83 (5,3 H), 3.97 (s, 3 H), 4.08-4.18 (m, 1 H), 4.73-4.85
(m, 1 H), 7.02-7.09 (m, 1 H), 7.23-7.31 (m, 1 H), 7.38-7.44
(m, 1 H), 7.54-7.60 (m, 1 H), 7.61-7.72 (m, 2 H), 8.18-8.25
(m, 1 H), 8.44-8.50 (m, 1 H), 11.46-11.57 (m, 1 H); ESI-MS
n/z [M+H]* cale’d for C,;H,,NO,, 473.19; found 473 3.

Example 203

(R)-2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-yl)-N-(pyridin-4-yl)
acetamide
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A TFA salt of the title compound was prepared in a manner
similar to Example 2 using (R)-2-(2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h|pteridin-5(6H)-y1)-N-(pyridin-
4-yDacetamide (PREPARATION x70, 63.4 mg, 0.174
mmol), 1H-indol-4-ylboronic acid (56 mg, 0.348 mmol), and
PdCl,(dpp?) (6.36 mg, 0.009 mmol) in dioxane (2 mL) and
aqueous saturated NaHCO; (0.4 mL) (2 mg, 2.6%). ESI-MS
n/z [M+H]* cale’d for C,,H,;N,O,, 442.20; found 442 4.

Example 204
(R)-2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]

oxazino[3,4-h]pteridin-5(6H)-y1)-N-(2-methoxy-
ethyl)acetamide

0 (\N
o )k/N
me” \/\g | AN —
)\(S\NH
N

A TFA salt of the title compound was prepared in a manner
similar to Example 2 using (R)-2-(2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h|pteridin-5(6H)-y1)-N-(2-meth-
oxyethyl)acetamide (PREPARATION x71, 60 mg, 0.174
mmol), 1H-indol-4-ylboronic acid (56 mg, 0.348 mmol), and
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PdCl,(dpp?) (6.36 mg, 0.009 mmol) in dioxane (2 mL.) and
aqueous saturated NaHCO, (0.4 mL) (10 mg, 14%). ESI-MS
m/z [M+H]* calc’d for C,,H,cNO;, 423.21; found 423.3.

Example 205

(R)-2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-y1)-N-(tetrahydro-2H-
pyran-4-yl)acetamide

N —
/kﬂg(\NH
N

A TFA salt of'the title compound was prepared in a manner
similar to Example 2 using (R)-2-(2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)-N-(tetrahy-
dro-2H-pyran-4-yl)acetamide (PREPARATION x72, 64.6
mg, 0.174 mmol), 1H-indol-4-ylboronic acid (56 mg, 0.348
mmol), and PdCL,(dppt) (6.36 mg, 0.009 mmol) in dioxane (2
mL) and aqueous saturated NaHCO, (0.4 mL) (3 mg, 4%). 'H
NMR (400 MHz, CD,CN) d ppm 1.41-1.49 (m, 2 H), 1.75 (m,
4 H),3.22-3.49 (m, 6 H), 3.59-3.73 (m, 1 H), 3.75-4.14 (m, 6
H), 4.78-4.94 (m, 1 H), 6.71-6.82 (m, 1 H), 7.05-7.14 (m, 1
H), 7.25-7.35 (m, 1 H), 7.35-7.41 (m, 1 H), 7.43-7.53 (m, 1
H), 7.63-7.77 (m, 2 H), 9.67-9.83 (m, 1 H); ESI-MS nv/z
[M+H]* cale’d for C,,H,gNO;, 449.23; found 449 4.

Example 206

(R)-2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-y1)-N-(1-methyl-1H-
pyrazol-4-yl)acetamide

A TFA salt of'the title compound was prepared in a manner
similar to Example 2 using (R)-2-(2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)-N-(1-me-
thyl-1H-pyrazol-4-yl)acetamide (PREPARATION x73, 63.9
mg, 0.174 mmol), 1H-indol-4-ylboronic acid (56 mg, 0.348
mmol), and PdCL,(dppt) (6.36 mg, 0.009 mmol) in dioxane (2
ml) and aqueous saturated NaHCO; (0.4 mL) (9 mg, 11%).
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'F1 NMR (400 MHz, DMSO-d) & ppm 3.28-3.55 (m, 8 H),

3.59-3.69 (m, 1 H), 3.76-3.84 (m, 3 H), 3.90-4.17 (m, 4 H),
4.30-4.46 (m, 1 H), 4.66-4.82 (m, 1 H), 6.93-7.07 (m, 1 H),
7.20-7.33 (m, 1 H), 7.41-7.49 (m, 1 H), 7.50-7.74 (m, 4 H),
7.83-7.93 (m, 1 H), 10.17-10.30 (m, 1 H), 11.44-11.67 (m, 1 >
H); ESI-MS m/z [M+H]* calc’d for C,;H,,N;O,, 445.21
found 445.3.

Example 207
10

(R)-2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-yl)-N-cyclopropylac-
etamide

15

20

25

S

A TFA salt of the title compound was prepared in a manner
similar to Example 2 using (R)-2-(2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)-N-cyclopro-
pylacetamide (PREPARATION x74, 56.9 mg, 0.174 mmol),
1H-indol-4-ylboronic acid (56 mg, 0.348 mmol), and PdCl,
(dpp?) (6.36 mg, 0.009 mmol) in dioxane (2 mL.) and aqueous
saturated NaHCO, (0.4 mL) (6 mg, 8.6%). 'H NMR (400
MHz, DMSO-dy) 8 ppm 0.39-0.51 (m, 2 H), 0.59-0.71 (m, 2
H), 2.60-2.73 (m, 1 H), 3.21-3.31 (m, 4 H), 3.55-3.69 (m, 1
H), 3.77-3.95 (m, 2 H), 3.95-4.04 (m, 1 H), 4.05-4.18 (m, 2
H), 4.64-4.77 (m, 1 H), 6.96-7.12 (m, 1 H), 7.19-7.33 (m, 1
H), 7.38-7.48 (m, 1 H), 7.50-7.77 (m, 3 H), 8.15-8.26 (m, 1
H), 11.41-11.62 (m, 1 H); ESI-MS nv/z [M+H]" calc’d for
C,,H,,NO,, 405.20 found 405.3.

30

40

Example 208 5

(R)-2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-y1)-N-(2-cyanopropan-
2-ylacetamide

50

CH;

S
HC N

peso!

A TFA salt of the title compound was prepared in a manner 65
similar to Example 2 using (R)-2-(2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-y1)-N-(2-cyano-

182

propan-2-ylacetamide (PREPARATION x75, 61.6 mg,
0.174 mmol), 1H-indol-4-ylboronic acid (56 mg, 0.348
mmol), and PdCL,(dppt) (6.36 mg, 0.009 mmol) in dioxane (2
mL) and aqueous saturated NaHCO, (0.4 mL) (26.4 mg,
35%). 'H NMR (400 MHz, DMSO-d) 8 ppm 1.62 (d, ]=2.02
Hz, 6 H), 3.24-3.37 (m, 4 H), 3.56-3.69 (m, 2 H), 3.81-4.17
(m, 4 H), 4.22-4.37 (m, 1 H), 4.62-4.82 (m, 1 H), 6.93-7.12
(m, 1 H), 7.19-7.35 (m, 1 H), 7.39-7.53 (m, 1 H), 7.53-7.76
(m, 3 H), 8.66-8.90 (m, 1 H), 11.41-11.69 (m, 1 H); ESI-MS
nv/z [M+H]* cale’d for C,;H,N-O,, 432.21 found 432.4.

Example 209
2-(R)-2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]

oxazino[3,4-h]pteridin-5(6H)-y1)-N-(tetrahydrofu-
ran-3-yl)acetamide

L

) K\N
N
N)k/ Xy B
. |
N

A TFA salt of'the title compound was prepared in a manner
similar to Example 2 using 2-((R)-2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)-N-(tetrahy-
drofuran-3-yl)acetamide (PREPARATION x76, 62.1 mg,
0.174 mmol), 1H-indol-4-ylboronic acid (56 mg, 0.348
mmol), and PACL,(dpp{) (6.36 mg, 0.009 mmol) in dioxane (2
ml) and aqueous saturated NaHCO,; (0.4 mL) (5.4 mg, 7%).
'H NMR (400 MHz, DMSO-d,) 8 ppm 1.69-1.82 (m, 1 H),
2.04-2.15 (m, 1 H), 2.98-3.09 (m, 1 H), 3.14-3.24 (m, 1 H),
3.45-3.86 (m, 9 H), 3.87-3.96 (m, 1 H), 4.02-4.12 (m, 2 H),
4.21-4.33 (m, 1 H), 4.50-4.59 (m, 1 H), 7.05-7.16 (m, 1 H),
7.26-7.33 (m, 1 H), 7.34-7.45 (m, 2 H), 7.54-7.64 (m, 1 H),
7.87-7.96 (m, 1 H), 8.27-8.38 (m, 1 H), 11.06-11.17 (m, 1 H);
ESI-MS m/z [M+H]* cale’d for C,;H, N O;, 435.21 found
435.4.

Example 210

1-((R)-2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4]
oxazino[3,4-h]pteridin-5(6H)-yl)-4,4-dimethylpen-
tan-3-amine

LN

NH
H;C CH;
CH;
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The title compound was prepared in a manner similar to
EXAMPLE 193 using tert-butyl (1-((R)-2-(1H-indol-4-y1)-
6a,7,9,10-tetrahydro-[1,4]oxazino[3,4-h|pteridin-5(6H)-y1)-
4.4-dimethylpentan-3-yl)carbamate (PREPARATION x78)

in CH,Cl, (0.5 mL) and trifluoroacetic acid (0.5 mL) (11.7 5

mg, 76%). 'H NMR (400 MHz, DMSO-d,) 8 ppm 1.02 (s, 9
H), 1.51-1.75 (m, 1 H), 1.91-2.08 (m, 1 H), 3.02-3.39 (m, 4
H), 3.53-3.65 (m, 6 H), 3.80-3.96 (m, 1 H), 3.97-4.16 (m, 2
H), 4.60-4.76 (m, 1 H), 6.96-7.12 (m, 1 H), 7.20-7.33 (m, 1
H), 7.47-7.88 (m, 4 H), 11.33-11.59 (m, 1 H); ESI-MS nvz
[M+H]* calc’d for C,,H;,N,O, 421.27 found 421 .4.

Example 211

(R)-2-(2-(2-(difluoromethyl)-1H-benzo[d]imidazol-

1-y1)-6a,7,9,10-tetrahydro-| 1,4]oxazino[3,4-h|pteri-

din-5(6H)-y1)-N-((tetrahydro-2H-pyran-4-yl)methyl)
acetamide

A mixture of (R)-2-(2-chloro-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-y1)-N-((tetrahydro-2H-pyran-
4-yDmethyl)acetamide (PREPARATION x26, 50 mg, 0.131
mmol), 2-(difluoromethyl)-1H-benzo[d]imidazole (24.22
mg, 0.144 mmol), cesium carbonate (64.0 mg, 0.196 mmol),
tris(dibenzylideneacetone)dipalladium(0) (11.99 mg, 0.013
mmol), and 2-dicyclohexylphosphino-2',4',6'-tri-iso-propyl-
1,1'-biphenyl (12.48 mg, 0.026 mmol) in DMF (500 pL.) was
heated to 130° C. in a microwave for 40 minutes. Additional
tris(dibenzylideneacetone)dipalladium(0) (11.99 mg, 0.013
mmol) and 2-dicyclohexylphosphino-2',4',6'-tri-iso-propyl-
1,1'-biphenyl (12.48 mg, 0.026 mmol) were added to the
reaction mixture, which was subsequently heated to 130° C.
in the microwave for 1 hour. After addition of EtOAc and
water, the mixture was extracted with EtOAc (2x). The com-
bined extracts were washed with Na,SO,, filtered, and con-
centrated in vacuo. The residue was purified by flash column
chromatography (NH-silica, gradient 30-100%, EtOAc/hex-
ane) and then by preparatory HPL.C using a 20-45% CH,CN
gradient in H,O (with 0.05% TFA). The pure fractions were
combined and lyophilized to give a TFA salt of the title
compound as a yellow solid (11.3 mg, 13.8%). '"H NMR (400
MHz, DMSO-d,) 8 ppm 1.07-1.26 (m, 2 H), 1.49-1.72 (m, 3
H), 2.93-3.43 (m, 8 H), 3.51-3.61 (m, 1 H), 3.68-3.77 (m, 1
H), 3.79-3.88 (m, 3 H), 3.91-3.98 (m, 1 H), 4.00-4.14 (m, 2
H), 4.32-4.40 (m, 1 H), 7.34-7.47 (m, 2 H), 7.50 (s, 1 H),
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7.56-7.86 (m, 2 H), 8.09-8.21 (m, 2 H); ESI-MS m/z [M+H]*
calc’d for C,sH,F,N-O;, 514.24; found 514.3.

Example 212

(R)-2-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-y1)-N-methyl-N-((tet-
rahydro-2H-pyran-4-yl)methyl)acetamide

/O

0 (\N
N
L
Cits _ NI
N

A mixture of (R)-2-(2-chloro-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-y1)-N-methyl-N-((tetrahydro-
2H-pyran-4-yl)methyl)acetamide (PREPARATION x79, 70
mg, 0.177 mmol), indole-4-boronic acid (42.7 mg, 0.265
mmol), tetrakis(triphenylphosphine)palladium(0) (20.43 mg,
0.018 mmol), and sodium carbonate (37.5 mg, 0.354 mmol)
in 1,4-dioxane (0.7 mL) and water (0.35 mL.) was heated to
120° C. for 1 hour in a microwave. After cooling to room
temperature, the reaction mixture was diluted with EtOAc,
washed with water and brine, dried over Na,SO,, filtered, and
concentrated in vacuo. The residue was purified by column
chromatography (silica-NH, gradient 0-10% MeOH/CHCI,)
to afford the title compound as an off-white solid (36.8 mg,
43.7%). "HNMR (400 MHz, DMSO-d,) 8 ppm 1.04-1.61 (m,
4 H), 1.78-1.97 (m, 1 H), 2.80-3.09 (m, 4 H), 3.12-3.38 (m, 7
H),3.58 (t,J=9.98 Hz, 2 H), 3.78-4.16 (m, 5 H), 4.41-4.60 (m,
2H),7.11 (t,J=7.71 Hz, 1 H), 7.26-7.64 (m, 4 H), 7.86-7.95
(m, 1 H), 11.11 (br s, 1 H); ESI-MS nv/z [M+H]* calc’d for
C,6H;3,NO5, 477.26; found 477.3.

O

Example 213

(S)-tert-butyl 2-(2-(1H-indol-4-y1)-6a,7.9,10-tetrahy-
dro-[1,4]oxazino|3,4-h]pteridin-5(6H)-yl)acetate

O

CHs

31 0 Nj
N
o)J\/ | Xy I
)\& NH
N

A mixture of (S)-tert-butyl 2-(2-chloro-6a,7,9,10-tetrahy-
dro-[1,4]oxazino| 3,4-h]pteridin-5(6H)-yl)acetate (PREPA-
RATION x80, 100 mg, 0.293 mmol), indole-4-boronic acid
(70.8 mg, 0.440 mmol), tetrakis(triphenylphosphine)palla-
dium(0) (33.9 mg, 0.029 mmol), and sodium carbonate (62.2
mg, 0.587 mmol) in 1,4-dioxane (1 mL) and water (0.5 mL)

H;C

H;C
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was heated to 120° C. for 1 hour in a microwave. After cooling
to room temperature, the reaction mixture was diluted with
EtOAc, filtered through Celite, washed with water and brine,
dried over Na,SO,, filtered, and concentrated in vacuo. The
residue was purified via flash column chromatography
(silica-NH, gradient 10-80% EtOAc/hexane) to afford the
title compound as an off-white solid (112 mg, 91%). '"HNMR
(400 MHz, DMSO-d,) d ppm 1.38-1.48 (m, 9 H), 2.98-3.09
(m, 1 H), 3.15-3.40 (m, 3 H), 3.52-3.64 (m, 2 H), 3.87-4.11
(m,3 H),4.28 (d, J=17.94 Hz, 1 H), 4.52-4.60 (m, 1 H), 7.12
(t, J=7.71 Hz, 1 H), 7.29-7.44 (m, 3 H), 7.51-7.68 (m, 1 H),
7.93 (dd, J=7.45,0.88 Hz, 1 H), 11.12 (brs, 1 H); ESI-MS nv/z
[M+H]* cale’d for C,3H,,NO;, 422.22; found 422.3.

Example 214
(R)-2-(2-(4-(hydroxymethyl)phenyl)-6a,7,9,10-tet-
rahydro-[1.,4]oxazino|3,4-h|pteridin-5(6H)-yl1)-N-
((tetrahydro-2H-pyran-4-yl)methyl)acetamide

_/O
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A mixture of (R)-2-(2-chloro-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-y1)-N-((tetrahydro-2H-pyran-
4-yDmethyl)acetamide (PREPARATION x26, 50 mg, 0.131
mmol), 4-(hydroxymethyl)phenylboronic acid (29.8 mg,
0.196 mmol), tetrakis(triphenylphosphine)palladium(0)
(15.13 mg, 0.013 mmol), and sodium carbonate (27.8 mg,
0.262 mmol) in 1,4-dioxane (0.5 mL) and water (0.25 mL)
was heated to 120° C. for 1 hour in a microwave. After cooling
to room temperature, the reaction mixture was diluted with
EtOAc, washed with water and brine, dried over Na,SO,,
filtered, and concentrated in vacuo. The residue was purified
by column chromatography (silica-NH, gradient 0-10%
MeOH/CHCI,) to afford a white solid, which was recrystal-
lized from EtOH/EtOAc to give the title compound as an
off-white solid (19.0 mg, 32.0%). 'H NMR (400 MHz,
DMSO-dy) 8 ppm 1.02-1.21 (m, 2 H), 1.48-1.71 (m, 3 H),
2.91-3.02 (m, 3 H), 3.12-3.32 (m, 5 H), 3.50-3.67 (m, 2 H),
3.73-4.08 (m, 6 H), 4.49-4.61 (m, 3 H), 5.19 (t, J=5.68 Hz, 1
H), 7.34 (d, J=8.59 Hz, 2 H), 7.47-7.51 (m, 1 H), 8.08 (t,
J=5.94 Hz, 1 H), 8.16 (d, J=8.34 Hz, 2 H); ESI-MS nv/z
[M+H]* calc’d for C,,H;;N;O,, 454.24; found 454.4.

Example 215
(R)-2-(2-(2-(hydroxymethyl)phenyl)-6a,7,9,10-tet-
rahydro-[1.,4]oxazino|3,4-h|pteridin-5(6H)-yl)-N-

((tetrahydro-2H-pyran-4-yl)methyl)acetamide

O
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The title compound was prepared in a manner similar to
EXAMPLE 214 wusing 2-(hydroxymethyl)phenylboronic
acid (29.8 mg, 0.196 mmol) in place of 4-(hydroxymethyl)
phenylboronic acid. 'H NMR (400 MHz, DMSO-d,) 8 ppm
0.99-1.18 (m, 2 H), 1.42-1.65 (m, 3 H), 2.84-2.99 (m, 3 H),
3.06-3.31 (m, 5 H), 3.42-3.61 (m, 2 H), 3.69-4.04 (m, 6 H),
4.34-4.40 (m, 1 H), 4.54-4.60 (m, 2 H), 5.64-5.69 (m, 1 H),
7.19-7.31 (m, 2 H), 7.43-7.48 (m, 2 H), 7.83 (dd, J=7.58, 1.77
Hz, 1 H), 8.03 (t, J=5.81 Hz, 1 H); ESI-MS m/z [M+H]*
calc’d for C,,H;,N,O,, 454.24; found 454 4.

Example 216

(R)-2-(2-(3-(methoxymethyl)phenyl)-6a,7,9,10-tet-
rahydro-[1.4]oxazino[3,4-h]pteridin-5(6H)-yl1)-N-
((tetrahydro-2H-pyran-4-yl)methyl)acetamide

/O

0 (\N
N
i |
0 = CH;
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The title compound was prepared in a manner similar to
EXAMPLE 214 using 3-(methoxymethyl)phenylboronic
acid (32.6 mg, 0.196 mmol) in place of 4-(hydroxymethyl)
phenylboronic acid. "H NMR (400 MHz, DMSO-d,) 8 ppm
1.03-1.25 (m, 2 H), 1.48-1.74 (m, 3 H), 2.91-3.04 (m, 3 H),
3.31 (s, 8H),3.51-3.68 (m, 2 H), 3.75-4.09 (m, 6 H), 4.46 (s,
2H),4.56 (d,J=11.87Hz, 1 H),7.27-7.42 (m, 2H), 7.49-7.55
(m, 1 H), 8.05-8.18 (m, 3 H); ESI-MS m/z [M+H]* calc’d for
C,5sH;3N,0,, 468.26; found 468.4.

Example 217

(R)-2-(2-(3-(difluoromethoxy )phenyl)-6a,7,9,10-
tetrahydro-[1,4]oxazino|[3,4-h]pteridin-5(6H)-yl)-N-
((tetrahydro-2H-pyran-4-yl)methyl)acetamide

The title compound was prepared in a manner similar to
EXAMPLE 214 using 3-(difluoromethoxy)-benzeneboronic
acid (36.9 mg, 0.196 mmol) in place of 4-(hydroxymethyl)
phenylboronic acid. "H NMR (400 MHz, DMSO-d,) 8 ppm
1.04-1.22 (m, 2 H), 1.44-1.72 (m, 3 H), 2.92-3.04 (m, 3 H),
3.11-3.38 (m, 5 H), 3.51-3.68 (m, 2 H), 3.77-3.93 (m, 4 H),
4.00-4.10 (m, 2 H), 4.50-4.59 (m, 1 H), 7.08-7.55 (m, 4 H),
7.94 (s, 1 H),8.06-8.11 (m, 2 H); ESI-MS m/z [M+H]* calc’d
for C,,H,,F,N,O,, 490.22; found 490.3.
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Example 218

(R)-2-(2-(3-cyanophenyl)-6a,7.9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-y1)-N-((tetrahydro-2H-
pyran-4-yl)methyl)acetamide

Tz

The title compound was prepared in a manner similar to
EXAMPLE 214 using 3-cyanophenylboronic acid (28.9 mg,
0.196 mmol) in place of 4-(hydroxymethyl)phenylboronic
acid. 'H NMR (400 MHz, DMSO-d,) & ppm 1.13 (qd,
J=12.21, 4.80 Hz, 2 H), 1.48-1.72 (m, 3 H), 2.92-3.04 (m, 3
H), 3.13-3.40 (m, 5 H), 3.50-3.68 (m, 2 H), 3.77-3.86 (m, 3
H), 3.90 (dd, J=10.99, 3.41 Hz, 1 H), 4.00-4.11 (m, 2 H),
4.57-4.62 (m, 1 H),7.53 (s, 1 H), 7.59-7.66 (m, 1 H), 7.82 (dt,
J=7.71,1.33 Hz, 1 H), 8.09 (t, ]=5.94 Hz, 1 H), 8.47-8.54 (m,
2 H); ESI-MS m/z [M+H]* calc’d for C,,H,NO;, 449.23;
found 449.3.

Example 219

(R)-2-(2-(2-fluoro-5-(hydroxymethyl)phenyl)-6a,7.9,
10-tetrahydro-[ 1,4 ]oxazino|[3,4-h]pteridin-5(6H)-y1)-
N-((tetrahydro-2H-pyran-4-yl)methyl)acetamide

O

e
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N
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The title compound was prepared in a manner similar to
EXAMPLE 214 using 2-fluoro-5-hydroxymethylphenylbo-
ronic acid (43.2 mg, 0.196 mmol) in place of 4-(thydroxym-
ethyl)phenylboronic acid. "H NMR (400 MHz, DMSO-d) &
ppm 1.06-1.25 (m, 2 H), 1.48-1.72 (m, 3 H), 2.87-3.05 (m, 3
H), 3.12-3.36 (m, 5 H), 3.47-3.56 (m, 1 H), 3.57-3.67 (m, 1
H), 3.75-3.85 (m, 3 H), 3.89 (dd, J=11.12, 3.28 Hz, 1 H),
3.97-4.08 (m, 2 H), 4.39-4.46 (m, 1 H), 4.49 (d, J=5.56 Hz, 2

M), 5.24 (1, J=5.81 Hz, 1 H), 7.15 (dd, ]=10.99, 8.46 Hz, 1 H),
7.27-737 (m, 1 H), 7.51 (s, 1 H), 7.84 (dd, J=7.58,2.27 Hz, 1
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H), 8.09 (t, J=5.94 Hz, 1 H); ESI-MS nvz [M+H]* cale’d for
C,,H,,FN.O,, 472.23; found 472.3.

Example 220

(R)-2-(2-(4-fluoro-3-(hydroxymethyl)phenyl)-6a,7.9,
10-tetrahydro-[ 1,4]oxazino|3,4-h]pteridin-5(6H)-y1)-
N-((tetrahydro-2H-pyran-4-yl)methyl)acetamide

The title compound was prepared in a manner similar to
EXAMPLE 214 using 4-fluoro-3-hydroxymethylphenylbo-
ronic acid (43.2 mg, 0.196 mmol) in place of 4-(thydroxym-
ethyl)phenylboronic acid. "H NMR (400 MHz, DMSO-d,) &
ppm 1.13 (qd, J=12.13, 4.04 Hz, 2 H), 1.48-1.73 (m, 3 H),
2.92-3.03 (m, 3 H), 3.11-3.32 (m, 5 H), 3.49-3.67 (m, 2 H),
3.74-3.93 (m, 4 H), 3.98-4.08 (m, 2 H), 4.52-4.59 (m, 3 H),
5.32(t,J=5.81 Hz, 1 H), 7.15(dd, J=9.85,8.59 Hz, 1 H), 7.49
(s, 1 H), 8.05-8.16 (m, 2 H), 8.33 (dd, J=7.58, 2.27 Hz, 1 H);
ESI-MS m/z [M+H]* cale’d for C,,H;,FN,O,, 472.23;
found 472 .4.

Example 221

(R)-2-(2-(6-aminopyridin-3-yl)-6a,7,9,10-tetrahydro-
[1,4]oxazino[3,4-h]pteridin-5(6H)-y1)-N-((tetrahy-
dro-2H-pyran-4-yl)methyl)acetamide

_/O

0 (’\N
NJK/N\{\N
. |
Z NH,

The title compound was prepared in a manner similar to
EXAMPLE 214 using 2-amino-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyridine (43.2 mg, 0.196 mmol) in place
of 4-(hydroxymethyl)phenylboronic acid. 'H NMR (400
MHz, DMSO-dy) & ppm 1.13 (qd, J=12.13, 4.04 Hz, 2 H),
1.48-1.73 (m, 3 H), 2.92-3.03 (m, 3 H), 3.11-3.32 (m, 5 H),
3.49-3.67 (m, 2 H), 3.74-3.93 (m, 4 H), 3.98-4.08 (m, 2 H),
4.52-4.59 (m,3H), 5.32(t,J=5.81 Hz, 1 H), 7.15 (dd, J=9.85,
8.59 Hz, 1H), 7.49 (s, 1 H), 8.05-8.16 (m, 2 H), 8.33 (dd,
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J=7.58, 227 Hz, 1 H); ESI-MS m/z [M+H]*
C,.H,0N, 05, 440.24; found 440.4.

calc’d for

Example 222

(R)-2-(2-(4-(3-methylureido)phenyl)-6a,7,9,10-tet-
rahydro-[1.,4]oxazino|3,4-h|pteridin-5(6H)-yl1)-N-
((tetrahydro-2H-pyran-4-yl)methyl)acetamide

-

0
N
NJ\/ xy
i |
0 2
N 0
)J\ CH
N N~
H H

A mixture of (R)-2-(2-chloro-6a,7,9,10-tetrahydro-[1,4]
oxazino[3,4-h]pteridin-5(6H)-y1)-N-((tetrahydro-2H-pyran-
4-yDmethyl)acetamide (PREPARATION x26, 50 mg, 0.131
mmol), 1-methyl-3-[4-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolane-2-yl)phenyl]-urea (54.2 mg, 0.196 mmol), tetrakis
(triphenylphosphine)palladium(0) (15.13 mg, 0.013 mmol),
and sodium carbonate (27.8 mg, 0.262 mmol) in 1,4-dioxane
(0.5mL)and water (0.25 mL.) was heated to 120° C. for 1 hour
in a microwave. After cooling to room temperature, the reac-
tion mixture was diluted with EtOAc, washed with water and
brine, dried over Na,SO,, filtered, and concentrated in vacuo.
The residue was purified by flash column chromatography
(silica-NH, gradient 0-10% MeOH/CHC],) and then by pre-
paratory HPLC using a 5-30% CH,CN gradient in H,O (with
0.05% TFA). The pure fractions were combined and lyo-
philized to give a TFA salt of the title compound as a white
solid (12.0 mg, 15.0%). 'H NMR (400 MHz, DMSO-d) 8
ppm 1.08-1.25 (m, 2H), 1.49-1.71 (m, 3 H), 2.66 (d, J=4.55
Hz, 3 H), 2.99 (t, J=6.32 Hz, 2 H), 3.16-3.32 (m, 5H), 3.43
(dd,J=11.62,4.04 Hz, 1 H),3.53-3.63 (m, 1 H), 3.77-4.22 (m,
7 H), 4.82 (d, I=12.88 Hz, 1 H), 6.18-6.28 (m, 1 H), 7.31 (s,
1H),7.59 (d, J=8.84 Hz, 2 H), 8.03 (d, J=9.09 Hz, 2 H), 8.13
(t, =581 Hz, 1 H), 9.01 (br s, 1H); ESI-MS m/z [M+H]*
calc’d for C,sH;;N,O,, 496.26; found 496.4.

Example 223

(R)—N-((tetrahydro-2H-pyran-4-yl)methyl)-2-(2-

thiophen-3-yl)-6a,7,9,10-tetrahydro-| 1,4 Joxazino|[ 3,

hiophen-3-yl)-6a,7,9,10-tetrahydro-[1,4] ino[3
4-h]pteridin-5(6H)-yl)acetamide

.......\O
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A TFA salt of'the title compound was prepared in a manner
similar to EXAMPLE 222 using 3-thiopheneboronic acid
(25.1 mg, 0.196 mmol) in place of 1-methyl-3-[4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane-2-yl)phenyl]-urea. '‘H
NMR (400 MHz, DMSO-d,) & ppm 1.06-1.25 (m, 2 H),
1.48-1.73 (m, 3 H), 2.99 (t, J=6.19 Hz, 2 H), 3.15-3.31 (m, 5
H), 3.44 (dd, J=11.75, 4.17 Hz, 1 H), 3.53-3.65 (m, 1 H),
3.77-4.22 (m, 7 H), 4.82 (d, J=12.63 Hz, 1 H), 7.35 (s, 1 H),
7.72-7.83 (m, 2 H), 8.14 (t, J=5.94 Hz, 1 H), 8.48 (brs, 1 H);
ESI-MS m/z [M+H]* cale’d for C, H,,N.0O,S, 430.19;
found 430.3.

Example 224

(R)-2-(2-(4-acetamidophenyl)-6a,7,9,10-tetrahydro-
[1,4]oxazino[3,4-h]pteridin-5(6H)-y1)-N-((tetrahy-
dro-2H-pyran-4-yl)methyl)acetamide

_/O

0 N
N
i |
@) =
N 0
NJ\CH3
H

A TFA salt of'the title compound was prepared in a manner
similar to EXAMPLE 222 using 4-acetamidophenylboronic
acid (35.2 mg, 0.196 mmol) in place of 1-methyl-3-[4-(4.4,
5,5-tetramethyl-1,3,2-dioxaborolane-2-yl)phenyl]-urea. 'H
NMR (400 MHz, DMSO-d,) & ppm 1.14 (qd, J=11.87, 4.29
Hz,2H), 1.48-1.72 (m, 3 H), 2.09 (s, 3 H), 3.00 (t, ]=6.32 Hz,
2 H), 3.15-3.33 (m, 5 H), 3.44 (dd, J=11.75, 4.17 Hz, 1H),
3.53-3.64 (m, 1H), 3.79-4.10 (m, 6 H), 4.17 (d, J=17.18 Hz, 1
H), 4.82 (d, J=12.38 Hz, 1 H), 7.37 (s, 1 H), 7.77 (d, J=8.84
Hz, 2 H), 8.07-8.19 (m, 3 H), 10.31 (s, 1 H); ESI-MS m/z
[M+H]* cale’d for C,sH;,NO,, 481.25; found 481 .4.

Example 225

(R)-2-(2-(1-methyl-1H-pyrazol-5-y1)-6a,7,9,10-tet-
rahydro-[1.4]oxazino[3,4-h]pteridin-5(6H)-yl1)-N-
((tetrahydro-2H-pyran-4-yl)methyl)acetamide

o %%ﬁ;

A TFA salt of'the title compound was prepared in a manner
similar to EXAMPLE 222 using 1-methyl-5-(4,4,5,5-tetram-
ethyl-[1,3,2]dioxaborolan-2-y1)-1H-pyrazole (40.9 mg,
0.196 mmol) in place of 1-methyl-3-[4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolane-2-yl)phenyl]-urea. 'HH NMR (400 MHz,
DMSO-dy) 8 ppm 1.05-1.30 (m, 2 H), 1.49-1.74 (m, 3 H),
2.96-3.03 (m, 2 H), 3.10-3.31 (m, 5 H), 3.42 (dd, I=11.75,
3.92 Hz, 1 H), 3.52-3.63 (m, 1 H), 3.74-4.07 (m, 6 H), 4.10-
4.24 (m, 4 H), 4.52 (d, I=12.38 Hz, 1H), 6.90 (d, J=1.77 Hz,
1H),7.46(s,1H),7.52(d, J=2.02 Hz, 1H), 8.13 (t,J=5.94 Hz,
1 H); ESI-MS m/z [M+H]" calc’d for C,;H,,N-O;, 428.24;
found 428.4.

.......\O
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Example 226

(R)-2-(2-(5-(hydroxymethyl)thiophen-2-y1)-6a,7,9,
10-tetrahydro-[ 1,4 ]oxazino|[3,4-h]pteridin-5(6H)-y1)-
N-((tetrahydro-2H-pyran-4-yl)methyl)acetamide

" ""\

A TFA salt of the title compound was prepared in a manner
similarto EXAMPLE 222 using 5-hydroxymethylthiophene-
2-boronic acid (31.0 mg, 0.196 mmol) in place of 1-methyl-
3-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolane-2-yl)phenyl]-
urea. 'H NMR (400 MHz, DMSO-d,)  ppm 1.05-1.30 (m, 2
H), 1.49-1.74 (m, 3 H), 2.96-3.03 (m, 2 H), 3.10-3.31 (m, 5
H), 3.42 (dd, J=11.75, 3.92 Hz, 1 H), 3.52-3.63 (m, 1 H),
3.74-4.07 (m, 6 H), 4.10-4.24 (m, 4 H), 4.52 (d, I=12.38 Hz,
1 H), 6.90 (d, J=1.77 Hz, 1 H), 7.46 (s, 1 H), 7.52 (d, J=2.02
Hz, 1 H), 8.13 (t, J=5.94 Hz, 1 H); ESI-MS m/z [M+H]*
calc’d for C,,H,,N0O,S, 460.20; found 460.3.

Example 227
(R)-5-(2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[1,4]

oxazino[3,4-h]pteridin-5(6H)-y1)-2-methylpentan-2-
ol

HC CH

N

: ﬁN
N | AN —
)\6}1}[
N

To a 25 mL pear flask was added (R)-5-(2-(1H-indol-4-y1)-
6a,7,9,10-tetrahydro-[1,4]oxazino[3,4-h|pteridin-5(6H)-y1)-
2-methylpentan-2-yl acetate (PREPARATION x82, 48 mg,
0.107 mmol) in methanol (3 mL) to give a yellow solution.
Aqueous NaOH (3N, 0.4 mL.) was added and the mixture was
stirred at 50° C. for 4 hours, before being cooled to room
temperature. The reaction mixture was partitioned between
saturated NaHCO, and ethyl acetate, and the aqueous layer
was extracted a second time with ethyl acetate. The combined
organic layers were dried over MgSO,, filtered, and concen-
trated. After trituration with Et,O, the solid product was dried
in vacuo to give the title compound as an off-white solid (31
mg, 71%). "H NMR (400 MHz, DMSO-d,) 8 ppm 1.10 (s,
6H), 1.32-1.48 (m, 2 H), 1.53-1.73 (m, 2 H), 2.95-3.10 (m, 2

w

—_
<

20

25

30

40

55

60

65

192
H), 3.11-3.25 (m, 2 H), 3.26-3.40 (m, 2H), 3.50-3.64 (m, 2 H),
3.93 (dd, J=10.99, 3.16 Hz, 1 H), 4.06 (dd, J=11.49, 3.16 Hz,
1 H),4.19 (s, 1 H), 4.52 (d, I=11.62 Hz, 1 H), 7.11 (1, I=7.71
Hz, 1 H), 7.29-7.44 (m, 3 H), 7.77 (s, 1 H), 7.93 (dd, J=7.45,
0.88 Hz, 1 H), 11.11 (br's, 1 H); ESI-MS m/z [M+H]* calc’d
for C,,H,oN,0., 408.24; found 408.3.

Example 228

2-((2-(1H-indol-4-y1)-6a,7,9,10-tetrahydro-[ 1,4 ] ox-
azino[3,4-h]pteridin-5(6H)-yl)methyl)-4-methylben-
zamide

O
CH;
;i ~N \E\N

To a 10 mL vial were added 2-((2-chloro-6a,7,9,10-tet-
rahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)methyl)-4-
methylbenzamide (PREPARATION x84, 57 mg, 0.152
mmol), 1H-indol-4-ylboronic acid (49.1 mg, 0.305 mmol),
and PdCl,(dppf) (11.16 mg, 0.015 mmol) in dioxane (2 mL.)
and saturated NaHCO; (0.4 mL). The resulting orange sus-
pension was heated to 100° C. and stirred overnight. The
reaction mixture was subsequently diluted with EtOAc and
washed with saturated NH,Cl (3x). The combined organic
layers were dried over MgSO,, filtered, and concentrated.
The product was purified by preparative HPLC, using a
20-45% CH;CN gradient in H,O (with 0.05% TFA). The pure
fractions were combined and lyophilized to give the title
compound as a yellow solid (23 mg, 33%). "H NMR (400
MHz, DMSO-d) 6 ppm 2.33 (s, 3 H), 3.06-3.19 (m, 1 H),
3.24-3.33 (m, 2 H), 3.56-3.64 (m, 1 H), 3.89-4.05 (m, 1 H),
4.06-4.18 (m, 1 H), 4.41-4.55 (m, 1 H), 4.67-4.81 (m, 2 H),
6.94-7.08 (m, 1 H), 7.21-7.33 (m, 2 H), 7.33-7.41 (m, 1 H),
7.44-7.54 (m, 1 H), 7.54-7.74 (m, 2 H), 7.79-7.91 (m, 1 H),

11.46-11.66 (m, 1H); ESI-MS m/z [M+H]' calc’d for
C6H,6NO,, 455.2; found 455.3.

Example 229

1-cyclopropyl-3-(4-(6-0x0-5-(tetrahydro-2H-pyran-
4-y1)-5,6,6a,7,9,10-hexahydro-[ 1,4 ]oxazino[3,4-h]
pteridin-2-yl)phenyl)urea

0
N
NG
SA®
N
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To a microwave reaction vial were added 2-chloro-5-(tet-
rahydro-2H-pyran-4-y1)-6a,7,9,10-tetrahydro-[ 1,4]oxazino
[3,4-h]pteridin-6(5H)-one (PREPARATION x55, 0.040 g,
0.123 mmol), 1-cyclopropyl-3-(4-(4,4,5,5-tetramethyl-1,3,
2-dioxaborolan-2-yl)phenyl)urea (0.041 g, 0.135 mmol), and
PdCl,(dppf) (0.018 g, 0.025 mmol) in saturated aq sodium
bicarbonate (0.3 mL, 0.123 mmol) and dioxane (1.232 mL).
The resulting suspension was heated by microwave irradia-
tion at 100° C. for 1 hour, then filtered, and purified by
preparatory HPLC using a 20-30% CH,CN gradient in H,O
(with 0.05% TFA). The fractions were combined, concen-
trated in vacuo, and lyophilized to give the title compound as
a white solid (13 mg, 23%). "H NMR (400 MHz, DMSO-d,)
d ppm 0.45-0.62 (m, 2 H), 0.71-0.86 (m, 2 H), 1.66-1.82 (m,
2 H), 2.55-2.84 (m, 3 H), 3.17-3.40 (m, 2 H), 3.46-3.78 (m, 4
H), 4.07 (td, J=12.19, 4.17 Hz, 3 H), 4.30-4.46 (m, 2 H), 4.55
(dd, J=10.61,3.79 Hz, 1 H), 4.96 (dd, J=13.64, 1.77 Hz, 2 H),
7.67 (d, J=8.84 Hz, 2 H), 8.01-8.26 (m, 3 H); ESI-MS nv/z
[M+H]* calc’d for C,,H, NO,, 465.2; found 465 4.
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TABLE 1, below, lists PI3Kd inhibition data for many of
the compounds described in the examples, where larger pICs,,
values represent higher potency. Most of the compounds were
tested in accordance with the assay described on page 39 of
the specification.

As used in this specification and the appended claims,
singular articles such as “a,” “an,” and “the,” may refer to a
single object or to a plurality of objects unless the context
clearly indicates otherwise. Thus, for example, reference to a
composition containing “a compound” may include a single
compound or two or more compounds. It is to be understood
that the above description is intended to be illustrative and not
restrictive. Many embodiments will be apparent to those of
skill in the art upon reading the above description. Therefore,
the scope of the invention should be determined with refer-
ence to the appended claims and includes the full scope of
equivalents to which such claims are entitled. The disclosures
of all articles and references, including patents, patent appli-
cations and publications, are herein incorporated by reference
in their entirety and for all purposes.

TABLE 1

PI3Kd Inhibition (pICsq) for Example (Ex) Compounds

Ex pICso Ex pICsqy Ex pICso Ex pICso Ex pICso Ex plCso Ex plCsg
1 75 36 6.9 71 64 106 8.1 141 <5.0 176 88 211 1.7
2 73 37 6.5 72 69 107 64 142 7.7 177 87 212 714
3 83 38 79 73 77 108 75 143 5.7 178 88 213 50
4 84 39 7.7 74 72 109 51 144 8.6 179 73 214 57
5 80 40 7.8 75 65 110 55 145 7.6 180 64 215 53
6 80 41 7.5 76 75 111 5.8 146 7.5 181 7.1 216 6.0
7 81 42 6.3 77 13 112 75 147 7.7 182 7.8 217 6.1
8 <50 43 6.4 78 7.7 113 63 148 8.4 183 64 218 59
9 <50 44 6.5 79 13 114 6.7 149 6.7 184 64 219 170

10 55 45 6.6 80 7.2 115 62 150 8.3 185 80 220 6.6

11 <5.0 46 6.5 81 7.8 116 58 151 5.3 186 7.3 221 69

12 51 47 6.8 82 79 117 6.1 152 6.3 187 69 222 15

13 7.8 48 6.6 8 60 118 7.0 153 7.4 188 74 223 6.1

14 53 49 6.7 84 69 119 5.6 154 6.9 189 81 224 65

15 64 50 6.5 8 79 120 5.1 155 7.6 190 7.6 225 58

16 52 51 6.6 86 8.1 121 75 156 6.5 191 85 226 6.3

17 74 52 6.4 87 7.1 122 6.0 157 7.4 192 85 227 18

18 64 53 6.6 88 82 123 9.1 158 8.1 193 61 228 6.8

19 8.0 54 6.3 8 72 124 54 159 8.6 194 85 229 15

20 63 55 6.2 9 83 125 8.0 160 7.0 195 85

21 59 56 5.5 91 9.1 126 7.0 161 8.4 196 8.2

22 7.7 57 6.1 92 87 127 69 162 8.2 197 55

23 83 58 6.3 93 83 128 63 163 7.5 198 7.8

24 72 59 7.2 94 86 129 7.0 164 7.1 199 6.0

25 68 60 7.5 95 9.1 130 6.9 165 6.1 200 7.0

26 6.6 61 6.2 9 62 131 69 166 7.2 201 719

27 6.6 62 6.1 97 60 132 52 167 6.0 202 8.6

28 62 63 5.6 98 52 133 7.0 168 <5.0 203 6.4

29 83 64 7.4 99 82 134 <7.0 169 8.1 204 6.8

30 89 65 100 54 135 7.0 170 8.2 205 6.7

31 8.1 66 101 65 136 63 171 8.5 206 1.3

32 71 67 83 102 67 137 63 172 8.3 207 6.6

33 79 68 73 103 69 138 55 173 6.8 208 6.4

34 79 69 5.6 104 67 139 171 174 8.1 209 7.0

35 80 170 6.7 105 5.1 140 6.2 175 8.8 210 <5.0
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What is claimed is:
1. A compound of Formula 1

bo

BTN Oy

|
R? \GIJ\

AI(_RI),,,,

or a pharmaceutically acceptable salt therefore, wherein:

G' is selected from N and CR”;

G? is selected from C=0 and CH,;

Aris C4 4 aryl;

mis0,1,2,3,or4;

nis0,1,2or3;

each R' is independently selected from cyano, halo,
hydroxy, nitro, oxo, optionally substituted C, 4 alkyl,
optionally substituted C,_, alkoxy, optionally substi-
tuted C,_, alkenyl, optionally substituted C,_, alkynyl,
optionally substituted C,_; cycloalkyl, optionally substi-
tuted C;_g heterocyclyl, optionally substituted C,_, , aryl,
optionally substituted C-, , aryloxy, optionally substi-
tuted C,_,, heteroaryl, optionally substituted C, ,, het-
eroaryloxy, —C(O)OR*, —OC(O)R*, —NR*R>,
—NHC(O)NR®R®, —S(0),R% —S(0),N(RHR?,
—C(O)N(R®R®, —NHC(O)OR'®, —NHS(0),NHR?,
—NHS(0),R%, —NHC(O)NHNR*R’, —NHC(S)N
(R®HR®, —NHC(=NR"H)NR*»R®, —NHC(SR'*)N
(R®»R?, and —NHC(=NR'")OR"?;

R? is selected from hydrogen, cyano, halo, hydroxy, nitro,
optionally substituted C, ¢ alkyl, optionally substituted
C,_, alkoxy, optionally substituted C,_, alkenyl, option-
ally substituted C,_, alkynyl, optionally substituted C;_¢
heterocyclyl, optionally substituted Cg_,, aryl, option-
ally substituted Cg,, aryloxy, optionally substituted
C,. o heteroaryl, —C(O)OR*, —OC(O)R*, —N([R*)R>,
and —S(0),R?;

R? is selected from hydrogen, optionally substituted C, _,
alkyl, optionally substituted C;_; cycloalkyl, optionally
substituted C;_ heterocyclyl, optionally substituted
Cq.14 aryl, optionally substituted C,,, heteroaryl,
—(CH,),N(RHR>, —(CH,),C(ON(RHR?,  and
—S(0),R";

each R* and R” is independently selected from hydrogen,
optionally substituted C, ¢ alkyl, optionally substituted
C,_s cycloalkyl, optionally substituted phenyl, option-
ally substituted C;_ heterocyclyl, and optionally substi-
tuted C,_,, heteroaryl;

each R® is independently selected from optionally substi-
tuted C,_¢ alkyl, optionally substituted C;_¢ cycloalkyl,
optionally substituted phenyl, optionally substituted
C,_¢ heterocyclyl, and optionally substituted C, _,, het-
eroaryl;

R’ is selected from hydrogen, cyano, halo, hydroxy, nitro,

optionally substituted C, , alkyl, optionally substituted

C,_, alkoxy, —C(O)OR?, —C(O)N(R*)R®, —N(RHR?,
—NHC(O)R*, —NHC(O)N(R*R®, —OC(O)NR*R®,
—NHC(O)OR®, —S(0),R®, —NHS(O),R®,
—S(0),NRHR?;

and

10

15

20

25

30

35

45

50

55

60

196

each R® and R® is independently selected from hydrogen,
optionally substituted C,  alkyl, optionally substituted
C, ¢ cycloalkyl, optionally substituted Cg,, aryl,
optionally substituted C,_¢ heterocyclyl, and optionally
substituted C, _, , heteroaryl;

each R'° is independently selected from optionally substi-
tuted C,_ alkyl, optionally substituted C;_g cycloalkyl,
optionally substituted C,_,, aryl, optionally substituted
C,_¢ heterocyclyl, and optionally substituted C, |, het-
eroaryl;

each R'! is independently selected from hydrogen, cyano,
nitro, optionally substituted C, ; alkyl, optionally sub-
stituted C, , alkoxy, optionally substituted C;q
cycloalkyl, optionally substituted C, ; heterocyclyl,
optionally substituted C,_, , aryl, and optionally substi-
tuted C,_,, heteroaryl;

each R'? is independently selected from optionally substi-
tuted C,_¢ alkyl and optionally substituted phenyl;

each R'? is independently selected from optionally substi-
tuted C, ¢ alkyl, optionally substituted C;_¢ cycloalkyl,
and optionally substituted C_, , aryl;

each R'*and R'” is independently selected from hydrogen,
C, s alkyl, C,_ 4 cycloalkyl, optionally substituted phe-
nyl, C; ¢ heterocyclyl, and C,_,, heteroaryl; and

each R'9 is independently selected from C, 4 alkyl, C,_¢
cycloalkyl, optionally substituted phenyl, C;_¢ heterocy-
clyl, and C,_,, heteroaryl;

wherein:

each optionally substituted C,_ alkyl is independently sub-
stituted with from O to 7 substituents independently
selected from cyano, halo, hydroxy, oxo, optionally sub-
stituted C, _, alkyl, C,_, alkoxy, C,_, alkenyl, optionally
substituted C, 4 cycloalkyl, optionally substituted C;_
heterocyclyl, optionally substituted C,_;, heteroaryl,
optionally substituted phenyl, optionally substituted
Cq.14 aryloxy, —SR™ —C(O)OR™, —NR'HR'?,
—C(O)N(R'™R"?, and —S(0O),R";

each optionally substituted C,_, alkoxy is independently
substituted with from 0 to 6 substituents independently
selected from cyano, halo, hydroxy, oxo, C,_, alkenyl,
C,., alkoxy, optionally substituted C, ¢ cycloalkyl,
optionally substituted C,_,, heteroaryl, optionally sub-
stituted phenyl, —C(O)N(R'*)R'*, and —C(O)OR'%;

each optionally substituted C,_, alkenyl is independently
substituted with from 0 to 3 substituents independently
selected from cyano, halo, hydroxy, oxo, C,_, alkoxy,
C,_; cycloalkyl, optionally substituted C,_,, heteroaryl,
optionally substituted phenyl, —C(O)N(R**)R'’, and
—C(O)OR™;

each optionally substituted C,_, alkynyl is independently
substituted with from 0 to 3 substituents independently
selected from cyano, halo, hydroxy, oxo, C,_, alkoxy,
C,_g cycloalkyl, optionally substituted C, ,, heteroaryl,
optionally substituted phenyl, —C(O)N(R'*)R'*, and
—C(O)YOR',

each optionally substituted C, , cycloalkyl is indepen-
dently substituted with from 0 to 6 substituents indepen-
dently selected from cyano, halo, hydroxy, nitro, oxo,
optionally substituted C,_, alkyl, C,_, alkoxy, C,_, alk-
enyl, C;_g cycloalkyl, C; ¢ cycloalkoxy, optionally sub-
stituted C, _,, heteroaryl, optionally substituted phenyl,
—C(ON(R™R"®, —CONR"R'>, —N(R'HR"?,
—NHC(O)R', —NHC(O)OR'*, and —C(O)OR"*;

each optionally substituted C,_;, heteroaryl is indepen-
dently substituted with from 0 to 5 substituents indepen-
dently selected from cyano, halo, hydroxy, oxo, nitro,
optionally substituted C, , alkyl, C,_, alkoxy, C;_¢
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cycloalkyl, optionally substituted C; , heterocyclyl,
C, ., heteroaryl, optionally substituted phenyl, —C(O)
NR"™R", —N(R"R'?, —C(O)N(R'HR'®, —OC(0)
NR™R', —NHC(O)OR', —NHS(0),R'S, —S(0),N
(R'™MR'®, —NHC(ONR'R'?, —C(O)OR™, and
*S(O)zRM;

each optionally substituted C, | , heteroaryloxy is indepen-
dently substituted with from 0 to 5 substituents indepen-
dently selected from cyano, halo, hydroxy, nitro, oxo,

optionally substituted C, , alkyl, C,_, alkoxy, trifluo- 10

romethyl, optionally substituted phenyl, and —S(O),
R16;

each optionally substituted C; ¢ heterocyclyl is indepen-
dently substituted with from 0 to 4 substituents indepen-
dently selected from cyano, halo, hydroxy, nitro, oxo,
optionally substituted C, , alkyl, optionally substituted
C,_, alkoxy, C,_, alkenyl, optionally substituted C;_g
cycloalkyl, C, ¢ cycloalkoxy, C;_¢ heterocyclyl, C, ;o
heteroaryl, optionally substituted phenyl, —C(O)N
R'™MR”,  —CONR'™MHR"’, —NR'™R'®, and
—C(O)OR™;

each optionally substituted C, _, alkyl is independently sub-
stituted with from O to 5 substituents independently
selected from cyano, halo, hydroxy, nitro, oxo, option-
ally substituted C,, alkoxy, C,, alkenyl, C;g4
cycloalkyl, C;_¢ cycloalkoxy, C;_ ¢ heterocyclyl, C,_;,
heteroaryl, phenyl, —SR'¥ ~—CO)NRR',
—N(R"™R®, —C(O)OR', and —S(0),R'S;

each optionally substituted C4_, , arylis independently sub-
stituted with from O to 5 substituents independently
selected from cyano, halo, hydroxy, nitro, oxo, option-
ally substituted C,_, alkyl, C,_, alkoxy, C,_, alkenyl,
C, ;o heteroaryl, trifluoromethyl, trifftuoromethoxy,
—NR'"MR'?, —C(O)N[R'"HR">, —OC(O)NR'HR"?,
—NHC(O)OR'¢, —NHS(0),R*®, —S(0),N(R*)R'>,
—NHC(O)NR'"HR'>, —C(O)OR', and —S(0O),R"'?;

each optionally substituted C_, , aryloxy is independently
substituted with from 0 to 5 substituents independently
selected from cyano, halo, hydroxy, nitro, oxo, option-
ally substituted C, , alkyl, C,_, alkoxy, C,_, alkenyl,
triftuoromethyl,  trifluoromethoxy, =~ —N(R'HR',
—C(ON(R*™R'>, —OC(O)N(R'H)R*?>, —NHC(O)
OR'®, —NHS(0O),R'®, —S(0),N(R")R'*, —NHC(O)
NR'R", —C(O)OR', and —S(0O),R';

each optionally substituted phenyl is independently substi-
tuted with from O to 5 substituents independently
selected from cyano, halo, hydroxy, nitro, optionally
substituted C, , alkyl, C,_, alkoxy, C,_, alkenyl, C,
heteroaryl, trifluoromethyl, trifluoromethoxy, —N(R'#)
R"’, —C(O)NR'HR", —OC(O)N(R'HR'>, —NHC
(O)OR'%,—NHS(0O),R'%, —S(0),N(R '"yR'*>, —NHC
(ONR'MHR'®, —C(O)OR*™, and —S(0),R*?;

each of the aforementioned heteroaryl and heteroaryloxy
moieties has independently one to four ring heteroatoms
independently selected from N, O, and S, and each of the
aforementioned heterocyclyl moieties is independently
saturated or partially unsaturated and has one or two ring
heteroatoms independently selected from N, O, and S;
and

provided the compound of Formula 1 is not: 1-methyl-3-
(4-(6-0x0-5-(tetrahydro-2H-pyran-4-y1)-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)phenyl)
urea.

2. A compound or pharmaceutically acceptable salt

according to claim 1, wherein G* is N.
3. A compound or pharmaceutically acceptable salt
according to claim 1, wherein G is CH,.
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4. A compound or pharmaceutically acceptable salt
according to claim 1, wherein R? is selected from optionally
substituted C, ¢ alkyl, optionally substituted Cg4 ,, aryl,
optionally substituted C,_,, heteroaryl, and —S(O),RS.

5. A compound or pharmaceutically acceptable salt
according to claim 1, wherein R? is hydrogen.

6. A compound according to claim 1, which is selected
from the following compounds:

1-(4-(5-(2-chloro-4-(methylsulfonyl)benzyl)-5,6,6a,7,9,

10-hexahydro-[ 1,4 ]oxazino| 3,4-h]pteridin-2-yl)phe-
nyl)-3-methylurea;
1-(4-(5-benzyl-5,6,6a,7,9,10-hexahydro-[ 1,4 ]oxazino|3,
4-h]pteridin-2-yl)phenyl)-3-methylurea;
1-methyl-3-(4-(5-(4-methylbenzyl)-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)phenyl)
urea,

1-(4-(5-(4-chlorobenzyl)-5,6,6a,7,9,10-hexahydro-[ 1,4]

oxazino[3,4-hlteridin-2-yl)phenyl)-3-methylurea;

1-(4-(5-(cyclopropylmethyl)-5,6,6a,7,9,10-hexahydro-[ 1,

4]oxazino[3,4-h]teridin-2-yl)phenyl)-3-methylurea;

(R)-2-(2-(3-(hydroxymethyl)phenyl)-6a,7.9,10-tetrahy-

dro-[1,4]oxazino [3,4-h]pteridin-5(6H)-y1)-N-((tet-
rahydro-2H-pyran-4-yl)methyl)acetamide;

(R)-2-(2-(3-(2-hydroxypropan-2-yl)phenyl)-6a,7,9,10-

tetrahydro-[1,4]oxazino  [3,4-h]pteridin-5(6H)-yl1)-N-
((tetrahydro-2H-pyran-4-yl)methyl)acetamide;
1-(4-(5-((R)-1-(4-chlorophenyl)ethyl)-6-0x0-5,6,6a,7,9,
10-hexahydro-[1,4]oxazino [3,4-h|pteridin-2-yl)phe-
nyl)-3-methylurea;
1-(4-(5-((S)-1-(4-chlorophenyl)ethyl)-6-0x0-5,6,6a,7,9,
10-hexahydro-[ 1,4 ]oxazino| 3,4-h]pteridin-2-yl)phe-
nyl)-3-methylurea;
1-methyl-3-(4-((S)-6-0x0-5-((S)-1-(p-tolyl)ethyl)-5,6,6a,
7,9,10-hexahydro-[1,4]oxazino|3.4-h]pteridin-2-y1)
phenyl)urea;
1-methyl-3-(4-((R)-6-0x0-5-((S)-1-(p-tolyl)ethyl)-5,6,6a,
7,9,10-hexahydro-[1,4]oxazino|3.4-h]pteridin-2-y1)
phenyl)urea;

methyl  4-((2-(4-(3-methylureido)phenyl)-6-ox0-6a,7,9,
10-tetrahydro-[1,4]oxazino  [3,4-h]pteridin-5(6H)-yl)
methyl)benzoate;

1-(4-(5-(4-chlorobenzyl)-6-0x0-5,6,6a,7,9,10-hexahydro-
[1,4]oxazino[3,4-h]pteridin-2-yl)phenyl)-3-methy-
lurea;
1-(4-(5-(3-(1H-pyrrol-1-yl)benzyl)-6-0x0-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)phenyl)-3-
methylurea;
1-methyl-3-(4-(5-(4-(methylsulfonyl)benzyl)-6-0x0-5,6,
6a,7,9,10-hexahydro-| 1,4]oxazino[ 3,4-h|pteridin-2-yl)
phenyl)urea;
1-(4-(5-(4-(1H-1,2,4-triazol-1-yl)benzyl)-6-0x0-5,6,6a,7,
9,10-hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)phe-
nyl)-3-methylurea;
1-(4-(5-((2,2-difluorocyclopropyl)methyl)-6-0x0-5,6,6a,
7,9,10-hexahydro-[1,4]oxazino  [3,4-h|pteridin-2-yl)
phenyl)-3-methylurea;
1-(4-(5-(2-(3,5-dimethyl-1H-pyrazol-4-yl)ethyl)-6-0x0-
5,6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h|pteridin-
2-yD)phenyl)-3-methylurea;
1-(4-(5-(2-chloro-4-(methylsulfonyl)benzyl)-6-0x0-5,6,
6a,7,9,10-hexahydro-| 1,4]oxazino[ 3,4-h|pteridin-2-yl)
phenyl)-3-methylurea;
N-isopropyl-3-(5-(4-(methylsulfonyl)benzyl)-6-0x0-5,6,
6a,7,9,10-hexahydro-| 1,4]oxazino[ 3,4-h|pteridin-2-yl)
benzenesulfonamide;



US 9,045,496 B2

199
1-(4-(5-(1-(4-chlorophenyl)cyclopropyl)-6-0x0-5,6,6a,7,
9,10-hexahydro-[1,4Joxazino[3,4-h]pteridin-2-yl)phe-
nyl)-3-methylurea;
N-(3-(5-(4-(methylsulfonyl)benzyl)-6-ox0-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)phenyl)
acetamide;
N-(4-(5-(4-(methylsulfonyl)benzyl)-6-ox0-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)phenyl)
methanesulfonamide;
2-(3-aminophenyl)-5-(4-(methylsulfonyl)benzyl)-6a,7.9,
10-tetrahydro-[ 1,4 oxazino[3,4-h]pteridin-6(5H)-one;
N-(2-(5-(4-(methylsulfonyl)benzyl)-6-ox0-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)phenyl)
acetamide;
4-(5-(4-(methylsulfonyl)benzyl)-6-0x0-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)benza-
mide;
2-(3-(1H-pyrazol-3-yl)phenyl)-5-(4-(methylsulfonyl)ben-
zyl)-6a,7,9,10-tetrahydro-[ 1,4 Joxazino| 3,4-h]pteridin-
6(5H)-one;
N-methyl-3-(5-(4-(methylsulfonyl)benzyl)-6-0x0-5,6,6a,
7,9,10-hexahydro-[1,4]oxazino|3.4-h]pteridin-2-yl)
benzenesulfonamide;
N-(4-(5-(4-(methylsulfonyl)benzyl)-6-ox0-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)phenyl)
acetamide;
3-(5-(4-(methylsulfonyl)benzyl)-6-o0x0-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)benza-
mide;
3-(5-(4-(methylsulfonyl)benzyl)-6-o0x0-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)benzene-
sulfonamide;
N-cyclopropyl-3-(5-(4-(methylsulfonyl)benzyl)-6-oxo0-5,
6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]pteridin-2-
yDbenzenesulfonamide;
N-(3-(5-(4-(methylsulfonyl)benzyl)-6-ox0-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)phenyl)
methanesulfonamide;
N-(3-(5-(4-(methylsulfonyl)benzyl)-6-ox0-5,6,6a,7,9,10-
hexahydro-[1,4]oxazino[3,4-h]pteridin-2-yl)phenyl)
cyclopropanesulfonamide;
N-methyl-3-(5-(4-(methylsulfonyl)benzyl)-6-0x0-5,6,6a,
7,9,10-hexahydro-[1,4]oxazino|3.4-h]pteridin-2-yl)
benzamide;
2-(3-(1H-pyrazol-1-yl)phenyl)-5-(4-(methylsulfonyl)ben-
zyl)-6a,7,9,10-tetrahydro-[ 1,4 Joxazino| 3,4-h]pteridin-
6(5H)-one;
2-(3-(ethylamino)phenyl)-5-(4-(methylsulfonyl)benzyl)-
6a,7,9,10-tetrahydro-[1,4]oxazino[3,4-h|pteridin-6
(5H)-one;
2-(3,4-diaminophenyl)-5-(4-(methylsulfonyl)benzyl)-6a,
7,9,10-tetrahydro-[1,4]oxazino|3,4-h]pteridin-6(5H)-
one;
2-(3-(1,1-dioxidoisothiazolidin-2-yl)phenyl)-5-(4-(meth-
ylsulfonyl)benzyl)-6a,7,9,10-tetrahydro-[1,4]oxazino
[3,4-h]pteridin-6(5H)-one;
2-(2-aminophenyl)-5-(4-(methylsulfonyl)benzyl)-6a,7,9,
10-tetrahydro-[ 1,4 oxazino[3,4-h]pteridin-6(5H)-one;
1-(4-(5-(6-chloro-2,3-dihydro-1H-inden-1-yl)-6-0x0-5,6,
6a,7,9,10-hexahydro-| 1,4]oxazino[ 3,4-h|pteridin-2-yl)
phenyl)-3-methylurea;
1-(4-(5-(6-methoxy-2,3-dihydro-1H-inden-1-y1)-6-0xo0-5,
6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h]pteridin-2-
yDphenyl)-3-methylurea;
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1-(4-(5-((S)-1-(4-chlorophenyl)ethyl)-6-0x0-5,6,6a,7,9,
10-hexahydro-[ 1,4 ]oxazino| 3,4-h]pteridin-2-yl)phe-
nyl)-3-methylurea;
(R)-4-(2-(3-(hydroxymethyl)phenyl)-6a,7.9,10-tetrahy-
dro-[1,4]oxazino| 3,4-h]pteridin-5(6H)-y1)-2-meth-
ylbutan-2-ol;

(R)-(3-(5-((5-ethyl-1,3,4-oxadiazol-2-yl)methyl)-5,6,6a,

7,9,10-hexahydro-[1,4]oxazino|3.4-h]pteridin-2-y1)
phenyl)methanol;

(3-((6aR)-5-(1-(5-isobutyl-1,3,4-oxadiazol-2-yl)ethyl)-5,

6,6a,7,9,10-hexahydro-[ 1,4]oxazino[3,4-h|pteridin-2-
yl)phenyl)methanol;

(3-((6aR)-5-(1-(5-ethyl-1,3,4-oxadiazol-2-yl)ethyl)-5,6,

6a,7,9,10-hexahydro-| 1,4]oxazino[ 3,4-h|pteridin-2-yl)
phenyl)methanol;

(R)-(3-(5-((5-ethyl-1,3,4-oxadiazol-2-yl)methyl)-5,6,6a,

7,9,10-hexahydro-[ 1,4 ]oxazino|3,4-h]pteridin-2-y1)-4-
fluorophenyl)methanol;

(R)-2-(2-(4-(hydroxymethyl)phenyl)-6a,7.9,10-tetrahy-

dro-[1,4]oxazino| 3,4-h]pteridin-5(6H)-y1)-N-((tetrahy-
dro-2H-pyran-4-yl)methyl)acetamide;

(R)-2-(2-(2-(hydroxymethyl)phenyl)-6a,7.9,10-tetrahy-

dro-[1,4]oxazino| 3,4-h]pteridin-5(6H)-y1)-N-((tetrahy-
dro-2H-pyran-4-yl)methyl)acetamide;

(R)-2-(2-(3-(methoxymethyl)phenyl)-6a,7,9,10-tetrahy-

dro-[1,4]oxazino| 3,4-h]pteridin-5(6H)-y1)-N-((tetrahy-
dro-2H-pyran-4-yl)methyl)acetamide;

(R)-2-(2-(3-(difltuoromethoxy )phenyl)-6a,7.9,10-tetrahy-

dro-[1,4]oxazino| 3,4-h]pteridin-5(6H)-y1)-N-((tetrahy-
dro-2H-pyran-4-yl)methyl)acetamide;

(R)-2-(2-(3-cyanophenyl)-6a,7,9,10-tetrahydro-[ 1,4 ox-

azino[3,4-h]pteridin-5(6H)-y1)-N-((tetrahydro-2H-py-
ran-4-yl)methyl)acetamide;

(R)-2-(2-(2-fluoro-5-(hydroxymethyl)phenyl)-6a,7,9,10-

tetrahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)-N-
((tetrahydro-2H-pyran-4-yl)methyl)acetamide;
(R)-2-(2-(4-fluoro-3-(hydroxymethyl)phenyl)-6a,7,9,10-
tetrahydro-[1,4]oxazino[3,4-h]pteridin-5(6H)-yl)-N-
((tetrahydro-2H-pyran-4-yl)methyl)acetamide;
(R)-2-(2-(4-(3-methylureido)phenyl)-6a,7,9,10-tetrahy-
dro-[1,4]oxazino| 3,4-h]pteridin-5(6H)-y1)-N-((tetrahy-
dro-2H-pyran-4-yl)methyl)acetamide;
(R)-2-(2-(4-acetamidophenyl)-6a,7,9,10-tetrahydro-[ 1,4]
oxazino[3,4-h]pteridin-5(6H)-y1)-N-((tetrahydro-2H-
pyran-4-yl)methyl)acetamide;

a stereoisomer of any of the aforementioned compounds;

and

a pharmaceutically acceptable salt of any of the aforemen-

tioned compounds or stereoisomers.

7. A pharmaceutical composition comprising:

a compound or pharmaceutically acceptable salt as defined

in claim 1; and

a pharmaceutically acceptable excipient.

8. A method of treating a disease or condition in a subject,
the method comprising administering to the subject an effec-
tive amount of a compound of Formula 1 or a pharmaceuti-
cally acceptable salt as defined in claim 1, wherein the disease
or condition is selected from allergic rhinitis, asthma, atopic
dermatitis, rheumatoid arthritis, multiple sclerosis, systemic
lupus erythematosus, psoriasis, immune thrombocytopenic
purpura, inflammatory bowel disease, chronic obstructive
pulmonary disease, Sjogren’s syndrome, ankylosing
spondylitis, Behcet’s disease, atherosclerosis, myocardial
infarction, and thrombosis.
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